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THE FUNCTIONS AND INTEGRATION OF THE 
INTERCOSTAL MUSCLES •> 

C F HOOVER 

CI rvi L\N1) 

The study of intei costal muscle function began with Galen, who 
believed the external intercostals to be expiratoiy and the internal 
intercostals inspiratory This teaching was unquestioned until 

Vesahus, thirteen hundred yeais later, intei preted both external and 
internal muscles as hat mg the same function Thomas Willis, of 

Oxford, m 1673 for the hist time interpieted the external muscles as 

inspiratory and the internal as purely expiratory In 1748, Hamberger 
devised his famous model and the thcoiy which has been quoted m all 
subsequent physiologic literature on icspiration Liiciani says Ham- 
berger s model “is an incomplete lepioduction of costal excursion, but 
It served to elucidate the mechanism” — faint piaise but quite sufficient 
for a scheme which misrepiesents both costal excursion and intei costal 
function 

The only experimental confirmation of Hambeiger’s theory that is 
at all worthy of the pioblcm is Mai tin and Haitwell’s, an account of 
which was published in 1879 These cxpeiimenteis isolated a pair of 
ribs by cutting all the intercostal structiiies which bound them above 
and below and mth the sternum, but left intact the blood and nerve 
supply to the space between the two experimental iibs The external 
intercostal muscle uniting the two nbs was then seveied thiough its 
entire extent, and finally both ribs weie cut so as to leave two seg- 
ments of the ribs connected only by the internal intercostal muscles, 
the blood and nerve supply of which were left intact Artificial 
respiration was employed and then, when automatic lespiratory move- 
ments weie set up after aitificial respiration was suspended, the 
internal intercostal muscle was obseiced to contiact during expiiation 
only 

So far as this obseivation goes it is satisfactoiy, but it does not 
piove that the external intercostals aie nevei expiiatory, nor does it 
piove that the internal intercostals are never mspiiatory In this 

* Read before the ENperimental Section of the Cleveland Academy of Medi- 
cine November, 1921 
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experiment also no account is taken of the varying respiratory 
responses consequent on resistance to entrance and exit of air oi 
varying amounts of the minute volume of air Martin and Hartwell 
also failed to consider the varying effects on respiratory movements 
produced by different degrees and kinds of anesthesia and varying 
degrees of exhaustion of the respiratory innervation Nor did these 
experimenters consider the integration of all the respiratory muscles 
m a normal animal 

With these considerations in mind, my experimental work has led 
me to formulate the following theses 

1 W ith tranquil respiration, only the external intercostals are 
activated during inspiration, and in expiration neither external nor 
internal intercostal muscle is employed 

2 With great hypeipnea, the external intercostals are activated 
during inspiration, and m expiration the internal intercostals only 
may he activated, but when the abdominal muscles are brought into 
use, eithei because of resistance to the exit of air or by intense 
hyperpnea, then the external muscles are synergically employed with 
the abdominal muscles The external muscles are employed m expi- 
ration only when the abdominal muscles are requisitioned 

3 The internal intercostal muscles are employed in inspiration only 
when in the presence of hyperpnea there is added a lesistance to the 
entrance of air 

4 The 1101 mal inspiratory and expiratory excursions of the ribs 
arc determined not by the alternating actions of the two sets of 
intci costal muscles but by their integration with muscles that convert 
the results of their action into either an inspiratory or an expiratory 
effect These auxiliary muscles are the scaleni and seriatus posticus 
superior tor inspiration, and the triangularis sterni and serratus 
posticus inferioi for expiration 

Briefly stated, the external intercostal muscles are employed in 
inspiration in all lespiratory conditions There is a high threshold 
for their use in expiration, and this is passed only when they are 
activated sviiergicallj with the abdominal muscles The internal are 
emplov ed in expiration in hyperpnea, and have a threshold for expira- 
torv use that ib lower than that for the external intercostals The 
internal intercostals are required m inspiration only m the combined 
presence of h}perpnea with resistance to the entrance of air The 
highest ihiesholc). is for the inspiratory employment of the internal 
intercostal muscles and then in descending order come the external 
mtercostalV m expiation, the internal intercostals in expiration, and 
flnnlh the muscles in inspiration 
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Paralysis or the Intercostal Muscles — The best example of 
the functional loss of the nitei costal muscles that it has been my 
foitune to see was in a man about 50 years of age, who had had a 
severe attack of poliomyelitis when 25 years old This man was in 
good health and sufteied only the disability which resulted from 
poliomyelitis He had a widely distributed and severe paresis and 
atrophy of the thoracoscapular and uppei extremity muscles of both 
sides, and there was involvement of the muscles of the pelvic giith 
and both thighs and both legs There was nowhere any evidence of 
sensory paresis He had sufficient use of his aims and legs so that 
he was able to go about, though with considerable difficulty, and was 
able to take care of himself Of the muscles employed in lespiration, 
only the intercostals, triangularis sterni and serrati postici, superior 
and inferior, were invoked, the scaleni, diaphragm and abdominal 
muscles being intact All of the intercostal muscles were completely 
paralyzed with the exception of those going to the ninth, tenth, 
eleAcnlh, and twelfth ribs of the right side These four bottom ribs 
of the right side were the only ones that moved in i espouse to inter- 
costal muscles That part of the right costal bordei foimed by the 
ninth, ten, eleventh and twelfth iibs moved laterad m inspiration, and 
those ribs had also a normal hucket-handlc movement In inspiration 
the remaining portion of the right costal margin and the enliie left 
costal margin moved toward the median line 

Estimated by his height and weight, his lungs should have had a 
Mtal capacity of 3,800 cc , and without the aid of his intei costal mus- 
cles he did have a vital capacity of 3,200 c c This capacity was quite 
sufficient for lespiratory purposes, but he could not expel an explo- 
sively from his lungs as lequired by a cough or sneeze He had all 
the mcentne to sneeze and completed the leflex proceduie, but his 
sneeze was ineffiective on account of the want of explosue expulsion 
of air He had also observed that it was difficult for him to expel haid 
fecal mattci He said that a few years after his recoveiy from 
poliomyelitis he had an attack of bionchitis, which gave him much 
distress on account of his inability to expel mucus fiom his tiachea, 
but he instinctively dlsco^ered that he could cough with consideiable 
success if he placed his aims about his thoiax and then threw himself 
on his side against the mattress of the bed The man seemed to cough 
into instead of out of the lung He could approximate his vocal 
cords with noimal vigoi, and the abdominal muscles weie vigorous, 
from the stiength of his lai^ngeal and abdominal muscles the 
observer would expect a vigoious cough, but he was unable to produce 
it When the sides of his thorax were fiimly supported by the hands 
of an attendant, he was able to cough like a normal person 
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The ability to compress his lungs was tested by having him blow 
into a mercury manometer In cairying out this test, in order to make 
sure that the patient did not employ his buccal muscles to raise the 
pressure in the manometer, he was required to blow through a tube 
in one nostril He could raise the pressure just 50 mm , but with 
normal expiratory muscles he could have raised it 100 mm It was 
quite apparent that the deficient compression of his lungs was due to 
paralysis of his intercostal muscles, which deprived him of circum- 
ferential constriction of the thorax 

The part played by the intercostal muscles m inspiring against 
resistance was shown when the patient was instructed at the end of 
a forced expiration to inspire with all his might through a tube (con- 
nected with a mercury manometer), which was inserted in a nostril 
nhile the mouth and other nostril weie held shut The highest column 
of mercury he could laise m this manner was 46 mm In view of the 
fact that a normal person can inspire against a resistance that is 
90 ner cent as great as the positive pressure he can raise within the 
lung it IS apparent that the loss m forceful inspiratory action was pro- 
portionately the same as the loss m power of compressing the lungs 
If we consider the pneumatics of the experiment, the basic reasons 
for his disability stand out with great clearness There were at least 
1 ,000 c c of residual air in his lung at the end of a forced expiration, 
and then he added 3,200 c c by the use of his diaphragm and scaleni 
\\ hile this volume of air was contained in the lung, he blew into the 
manometer by contracting his abdominal muscles, which served to 
drue the diaphragm upward By this effort the mercury manometer 
registered a pressure of 50 mm , therefore, his lungs were com- 
pressed to X 4200, which equals 3,937 c c The diminution in 
\olume of the 4200 cc under a pressure of 50 mm of mercury 
equaled 263 c c 

In this formula 750 = the barometric pressure which prevailed at 

the time , 

800 = pressure to which the contained air in the 
lung was subjected by the muscular effort 
If, as a normal man should, he had been able to attain an intra- 
pulmonic pressure of 100 mm mercury, the 4,200 c c of air would 
ha\e been compressed to a colume of 3,705 There would therefore, 
have been a further diminution in volume of 222 c c for the rise in 
pressure from 50 to 100 mm mercury From the original estimate of 
this man’s vital capacitj, ne assume that he was deprived of only 
600 cc by paralysis of his intercostal muscles Now, suppose m the' 
act of blowing into the manometer he had been able to accomplish a 
completely normal expiratory excursion of Ins ribs, he would have 
further reduced the rolume of air in his lungs by 600 cc Had his 



HOOFER— INTERCOST AL MUSCLES 


S 


intei costal muscles been sufficiently strong to accomplish this com- 
picssion, he would have raised the piessure m the manometer to 
193 mm meicur)^ — that is, 143 mm highei than the 50 mm he was 
able to attain This is estimated accoidmg to the following formula 


750 

800 + X 


X 4,200 = 3,337 


In this formula, 750 = barometiic pressuie 

800= mm of meicury piessuie which was 
actually produced by the patient’s muscular 
effort 

X = the unknown added piessure (143 mm mer- 
cuiy which would have been necessary to 
compress the an 600 c c less than the 
volume which was attained by the effort he 
actually employed As shown above, this 
volume was 3,937) 

4,200= the oiiginal volume of air m the lung at 
prevailing bai ometnc pressure 

This computation shous in an interesting way the physical basis 
for the man’s disability to constiict his thorax for want of his inter- 
costal muscles He was able to raise his mtiapulmonic pressure just 
half as high as if he possessed noimally functioning intercostal muscles, 
but the vital capacity of his lungs was impaiied only 15 per cent of 
the normally expected amount 

The power of loweiing air piessuie in the lungs by mspiratoiy 
efiort was also diminished m the same pioportion as was the power 
of compiession The losses in power of ciicumferential constiiction 
and of expansion were the same, which indicates that exactly the same 
musculature is employed m both, or at least that an equal loss for both 
processes is incuiied by motor paialysis of all the intercostal muscles 
Therefore, if it can be shown that both external and internal inter- 
coslals are employed m forced compiession, the coiollaiy follows that 
both sets of muscles are employed in foiced expansion 

Loss of all intercostal function, as shown by the pieceding dis- 
cussion, leaves the patient m respiratory comfort with the loss of only 
between 15 and 20 pei cent of vital capacity The major disability 
mcuried by paialysis of all the iirlercostal muscles lies wholly within 
any effort that demands compiession or distension of the lung against 
resistance 

The opportunity to examine the thoiacic excursion of a man with 
normal cardiorespiratoiy function, with the exception of motor 
paralysis of the intercostal muscles, was a rare opportunity I can 
find no other similar case m medical literatiiie The surprising 
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features of his disability were the slight loss of vital capacity and 
the great loss in the ability forcibly to compress and to distend the 
lungs It IS obvious that the slightness of the diminution in vital 
capacity was not due so much to the normally small share of the lost 
costal excursion in lung distension as to the abdominal muscles — 
which by their attachments to the entire costal borders and. lower end 
of the sternum were able to pull the lower six pairs of ribs downward 
and toward the median line and to pull the sternum with its attached 
ribs in a downward direction — and also to the inspiratory aid of the 
scaleni, which will be considered later m the discussion 

Contribution of Each Group to Vital Capacity — In this 
relation it seemed desirable to learn about how much of the vital 
capacity may be lost when both the intercostal and abdominal muscles 
are paralyzed Under such conditions the actual share of phrenic 
excursion in procuring vital capacity can be estimated, because in 
expiration the ribs cannot be drawn into a forced expiratory position 
by the abdominal muscles 

Experiment 1 — A vigorous dog, weighing 11 kilos, was used Before the 
administration of ether there was given only 14 grain morphin so that the 
respiratory center would be depressed as little as the operative conditions 
i\ould allow A tracheal cannula was inserted and connected with the reser- 
%oir of a Benedict apparatus that contained 75 per cent oxygen and 25 per 
cent carbon dioxid This was done with the idea that if the animal were under 
light anesthesia he would exhibit nearly his whole vital capacity in the ensuing 
hjperpnea that would be demanded by rebreathing such a high percentage of 
carbon dioxid As will be later showm it was closely approximated 

In Figure 1, line A, is seen the tracing made on a drum revolving at the 
rate of 5 mm per second The time marker is in one-fifth second The dog 
rebreathed into a Benedict apparatus with a clamp on the tubes leading to 
the canister The largest excursion of the reservoir recorded a tidal air 
of 704 c c The spinal cord was then sectioned at the level of the top of the 
body of the first dorsal vertebra The scaleni and diaphragm were the only 
respiraton muscles left intact , the intercostals triangularis sterni, serrati 
postici and abdominal muscles being paralyzed During inspiration the dia- 
phragm had a large excursion, as showm by the inspiratory protrusions of 
the upper abdomen , both costal margins w'ere drawn toward the median line 
and the lateral aspects of the thorax were slightly retracted The tracheal 
cannula was reconnected with the Benedict reservoir within a few minutes after 
the spinal cord was sectioned The tracing in line B, Figure 1, was then made 
on a drum slowh revolving at a rate of 1 mm per second The transitions 
from inspiration to expiration and vice versa are seen to be at first very 
prompt and then gradually there developed a change in the automatic steer- 
ing The transition from expiration to inspiration remained the same, but 
there was a prolongation of the time between the end of inspiration and the 
end of expiration 

As seen m Figure 1, line A at x before the cord was sectioned the dura- 
tion of an inspiration w’as four-fifths second and of an expiration seven-fifths 
second Lines C, D, E and F (Fig 1) are tracings of the respiration after 
the cord was sectioned The speed of the drum was 5 mm per second, and 
the time marker registered m one-fifths of a second At Y, line E, the dura- 
tion of an inspiration was four-fifths second, but from the height of inspiration 
to the end of expiration was thirteen-fifths second The diaphragm was held 
near the maximum point of excursion for nine-fifths second, and then it was 
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relaxed as the retractile lung expelled its contents m the remaining four-fifths 
second After section of the cord the largest tidal air recorded was 308 c c 
which IS onl> 43 per cent of the tidal air procured before the intercostal 
sjstem and abdominal muscles were paralyzed Under these conditions 67 per 
•cent of the vital capacitj was lost, whereas in the patient with paralyzed 
mtercostals and intact abdominal muscles there was a loss of only 15 per 
cent of the ^ ital capacitj 

An attempt was made to simulate the forced expiratory phase of the patient 
^\Ith paralyzed mtercostals and active abdominal muscles by compressing the 
■dog’s abdomen with the palms of both hands and at the same tune pulling in 
both costal margins bj the finger tips (Fig 1, line F at x, v z) This proce- 
dure increased the tidal air from 308 to 440 c c , which is 62 per cent of the 
Mtal capacity under normal conditions Of course this procedure did not 
adequatel} represent the function of normal abdominal muscles, but it indi- 
cates how the mechanism could be approximated Cutting the cord slowed 
the respiratory rate from 24 to 16 per minute, but the slowing of the rate was 
due to the change in the automatic steering, wdnch consisted m a delay of 
ihe transition from inspiration to expiration 

To determine (before the dog’s cord was severed) how nearly the 
tidal air equaled the vital capacity, the pluck was removed and 
measurement was made of the volume of air that could be expressed 
from the lungs after they were given their maximum distension This 
was found to be 1,012 cc If from this we substract 200 cc for 
residual air, there remain 812 c c , which is only 94 c c in excess of 
the tidal air (708 c c ) obtained when the animal was breathing the 
high peicentage of carbon dioxid When we consider the possible 
excess of distension obtained by blowing up the excised lungs above 
the maximum inspiratory distension during life, it is apparent that 
the 704 c c of tidal air closely approximated the dog’s vital capacity 
■when all the respiratory muscles were intact, and 308 c c the vital 
capacity after the intercostal system and abdominal muscles were 
paralyzed 

During the time the dog was breathing his maximum minute 
\olume of air when the cord was intact, the abdominal muscles were 
^ igorously contracted during expiration, and although the intrapleural 
pressure w^as not measured during that time, the fact that the abdom- 
inal muscles w^ere -vigorously contracted is good evidence that the 
pressure in the pleural cavity was raised above barometric pressure 
The active vigor with which expiration is performed in such experi- 
ments depends on the depth of anesthesia and the state of exhaustion 
of the animal When the mtercostals alone are paralyzed, the abdom- 
inal muscles contribute to the vital capacity by tbeir expiratory aid, 
as shown m the patient whose mtercostals w^ere paralyzed while the 
abdominal muscles w'ere intact 

Experiment 2 w^as done to show how much of the vital capacity 
of an animal is sacrificed when the diaphragm is paralyzed and the 
scaleni, mtercostals and abdominal muscles are intact 
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relaxed as the retractile lung expelled its contents in the remaining four-fifths 
second After section of the cord the largest tidal air recorded was 308 c c , 
which IS onlj 43 per cent of the tidal air procured before the intercostal 
system and abdominal muscles were paralyzed Under these conditions 67 per 
-cent of the vital capacity was lost, whereas in the patient with paralyzed 
intercostals and intact abdominal muscles there was a loss of only 15 per 
•cent of the vital capacity 

An attempt w'as made to simulate the forced expiratory phase of the patient 
with paralyzed intercostals and active abdominal muscles by compressing the 
dog’s abdomen with the palms of both hands and at the same time pulling m 
both costal margins by the finger tips (Fig 1, line F at x, y, z) This proce- 
dure increased the tidal air from 308 to 440 cc, which is 62 per cent of the 
vital capacity under normal conditions Of course this procedure did not 
adequately represent the function of normal abdominal muscles, but it indi- 
cates how the mechanism could be approximated Cutting the cord slowed 
the respiratory rate from 24 to 16 per minute, but the slowing of the rate was 
due to the change in the automatic steering, which consisted in a delay of 
the transition from inspiration to expiration 

To determine (before the dog’s cord was severed) how neaily the 
tidal air equaled the vital capacity, the pluck was removed and 
measurement tvas made of the volume of air that could be expressed 
from the lungs after they were given their maximum distension This 
was found to be 1,012 c c If from this tve substract 200 c c for 
residual air, there remain 812 c c , which is only 94 c c in excess of 
the tidal air (708 c c ) obtained when the animal was breathing the 
high peicentage of carbon dioxid When we consider the possible 
excess of distension obtained by blowing up the excised lungs above 
the maximum inspiratory distension during life, it is apparent that 
the 704 c c of tidal air closely approximated the dog’s vital capacity 
Avhen all the respiratory muscles were intact, and 308 c c the vital 
capacity after the intercostal system and abdominal muscles were 
paralyzed 

During the time the dog was breathing his maximum minute 
\olume of air wdien the cord was intact, the abdominal muscles were 
\ igorously contracted during expiration, and although the intrapleural 
pressure was not measured during that time, the fact that the abdom- 
inal muscles w'ere Mgorously contracted is good evidence that the 
pressure in the pleural cavity was laised abo\e barometric pressure 
The actne vigor wuth -which expiration is performed in such experi- 
ments depends on the depth of anesthesia and the state of exhaustion 
of the animal When the intercostals alone are paralyzed, the abdom- 
inal muscles contribute to the vital capacity by their expiratory aid, 
as shown m the patient whose intercostals w^ere paralyzed while the 
abdominal muscles w'ere intact 

Experiment 2 w'as done to show how much of the vital capacity 
of an animal is sacrificed wdien the diaphragm is paralyzed and the 
scaleni, intercostals and abdominal muscles are intact 
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Experiment 2 — A dog weighing 17 kilos was given Vi grain morphin 
prior to ether anesthesia After insertion of a tracheal cannula, the animal 
rebreathed into the Benedict reservoir containing 75 per cent oxygen and 
25 per cent carbon dioxid During this period of intense hyperpnea, the dog 
very vigorously contracted the abdominal muscles during expiration, so that 
we have good reason for saying he was employing his maximum expiratorj 
and inspiratory efforts The largest tidal air was 836 c c The phrenic nerves 
were then sectioned in the lower portion of the cervical region and rebreathmg 
of a high percentage of carbon dioxid was resumed During this peiiod the 
outward movement of the costal margins was very greatlv exaggerated, and 
m expiration the abdominal muscles were strongly contracted The largest 
tidal air procured was 418 c c 

An incision was then made m the abdomen and the leaves of the diaphragm 
•were inspected They were found to be paralyzed on both sides, but there was 
a vigorous contraction of the crura of the diaphragm, which evidently received 
some nerve supply from the cord below the origin of the phrenics The active 
conti action of the crura drew the mid-portions of the diaphragm slightly 
•downward and backward, and no doubt contributed somewhat to stabilizing the 
Avhole diaphragm, so that it did not ascend during inspiration when the mter- 
costals were strongly activated 

The inability to get absolute paralysis of the entire diaphragm by 
sectioning the phrenic nerves makes the estimation of the diaphiagm’s 
contribution to vital capacity somewhat doubtful The manner in 
Avhich this dog’s diaphiagm behaved will not allow the assumption that 
all the share of the diaphragm m inspiration was eliminated However, 
so far as our observations go, they indicate that paialysis of the inter- 
costal muscles with preset vation of the abdominal muscles reduces 
the vital capacity only about 15 per cent , whereas paralysis of the 
diaphragm which follows sectioning of the phrenic trunks reduces the 
vital capacity about 50 per cent 

To see how nearly the maximum tidal air of the animal reprebcnted 
his vital capacity, the intercostal spaces on both sides were freely 
opened and after the animal died the lungs were blown up to their 
maximum capacity in situ within the thoiax, and then the escaping 
air was measured as the lungs passively contracted The amount of 
air thus expelled from maximum distension to maximum contraction 
was 1,276 c c So it seems that 836 c c closely approximates the 
animal’s vital capacity when we consider the residual air to have been 
about 300 c c 

This experiment was done on three different animals In one 
experiment there was very slight action of the pillars of the diaphragm 
after the phrenics were cut In two animals that part of the diaphragm 
inserted on the vertebrae contracted with great vigor, but in all the 
animals that part of the diaphragm inserted laterally to the vertebrae 
and on the costal borders was completely paralyzed This observation 
was confirmed by making an incision through^the diaphragm so that 
the entire extent of the phrenic structure c^uld be palpated between 
the thumb and fingers 
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Experiment 3 was employed to give some conception of the ven- 
tilatory capacity of the intercostals when the diaphragm was paralyzed 
and the abdominal muscles eliminated by cutting away their attach- 
ments to the costal borders 

Experiment 3 — After a preliminary dose of 14 gram morphin, a trache- 
otomy tube was introduced into the trachea of a dog under ether anesthesia 
and connected with a Benedict reservoir containing 20 per cent carbon dioxid 
and 80 per cent oxygen The time recorded is in one-fifths of a second The 




B 



lower line A, Figure 2 records the respiratory excursion while the dog was 
rebreathing this high percentage of carbon dioxid The largest tidal air 
recorded was 484 c c Both phrenic nerves were then sectioned in the lower 
cervical region and the respiration recorded on line B The largest tidal air 
recorded was 330 c c 

The linea alba was then incised up to the diaphragm and all the attach- 
ments of the abdominal muscles to the costal borders and last rib were 
severed Tracing C was then made and the largest tidal air was 220 c c 

CONFORMATION OF THE THORAX AND MANNER OF COSTAL 

EXCURSION 

Before entering on a discussion of muscular function, the next 
problem to consider is the conformation and excursion of the thoracic 
cage The bony cage of the thorax consists of two parts, whose 
mechanisms of respirator^i excursion differ m several details The 
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Upper portion, or cun ass, consists of the sternum and upper five ribs, 
which unite transverely with the sternum at nearly i ight angles In 
inspiration the anterior transverse portions of the second to the fifth 
ribs (inclusive) are rotated m a vertical plane which intersects the 
rib at its midclavicular line and the articulation between the head of 
the rib and the transverse process of the veitebrae The lateral parts 
of these ribs rotate m a \ertical plane which intersects the rib in its 
midaxillar}’' line and the middle of the median plane of the thorax 
Both of these radii of lotation for these four ribs increase in length 
from above downward as their arches increase m size 

In the Hamberger model, which supposedly represents the elevation 
of the ribs, the radii of rotation for rib segments are wrongly emplo} ed 
to represent the ribs, and therefore, show a widening of the distance 



between these supposed stiuctures as they move upward m parallel 
relation The widening is true for the radii of rotation of rib seg- 
ments but not for the intercostal spaces, which should be measuied 
by the distance between the ends of the radii This will be seen m 
Figure 3 


In the above diagram let A-G be the vertebral column and A-D, B-E 
and C-F the radii of rotation of the anterior parts of three ribs As the radii 
move upward or in a cephalad direction, retaining the parallel relation so 
that they are brought into the positions of A-D', B-E' and C-F', the distances 
between the parallel radii increase but the distances between the ends of the 
radii dimmish, and it is the distance between the ends of the radii which 
should represent the breadth of an intercostal space An apparatus was 
designed to illustrate this point (Fig 4) 

In Figure 4, A, the large perpendicular piece represents the side of 
the \ertebrae The thiee parallel structures at bent angles with the 
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vertebrae represent the radn on which segments of the arches of the 
upper ribs rotate The three transverse pieces attached tp the ends of 
the radii represent segments of the arches of the ribs, and the three 
rubber bands which connect the segments of the ribs represent the 
intercostal muscles 



Figure 4 


In B, as the three radii are released they rise to a right angle 
position on the vertebrae The distances between the radii are 
enlarged, but the elastic bands which represent the intercostal muscles 
are shortened 

If the apparatus is turned upside down, we then have an illustration 
of the ribs at the base of the thorax where the arches of the ribs 
diminish in size as we descend 

In C, the three arms forming acute angles with the perpendicular 
median plane of the thorax represent the radii of rotation of the ninth. 
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tenth and eleventh ribs When the radii form an acute angle with the 
perpendicular, the bands representing the intercostal muscles are 
relaxed, and then if the radii are lifted into the horizontal position, as 
m D, the intercostal bands become taut This is just the opposite of 
the conditions which obtain in the upper thorax, where elevation of 
pairs of ribs in parallel relation narrows the intercostal spaces through- 
out their entire extent In the middle of the thorax, where the suc- 
ceeding lower rib has the same sized arch, or in the lower thorax, 
where the succeeding lower rib has a lesser arch, elevation of ribs m 
pairs would widen the intercostal spaces but for provisions in the 
structures of the anterior extremities of the last seven ribs From 
the sixth to the tenth rib, inclusive, the angulation of the cai tilaginous 
parts of the ribs with their bony parts permits an enlargement of the 
costochondral angle as the rib is elevated, and thus the entire arch of 
the rib is enlarged as it is drawn upward and outward by the inter- 
costal muscles The straightening of the costochondral angle thus- 
permits all that part of the nb which is lateral to the chondral portion 
to be rotated outward in a horizontal plane on a vertebral axis The 
capacity for outward rotation on a vertebral axis increases from the 
sixth to the twelfth ribs, inclusive, and is particularly ample m the 
floating ribs If these last seven ribs move upward in response to 
activation of the intercostal muscles attached to their upper borders, 
they must swing laterad, and thus, by increasing the length of the 
radii of cephalad rotation of their arches, the intercostal spaces retain 
a constant breadth This introduction of an additional axis of rotation 
for the lower seven ribs compensates for the widening of their inter- 
costal spaces that of necessity would result if the radii of rotation of 
their arches were not enlarged as they are elevated during inspiration 
It IS an absurdity to suppose that direct action of the intercostal 
muscles m any phase of quiet respiration could possibly widen the 
spaces between ribs The mechanism just described shows how eleva- 
tion of the ribs increases the circumference of the thorax at every 
level without stretching the parietal pleura, and maintains a constant 
breadth of the intercostal spaces In fact, the function of the inter- 
costal muscles during inspiration is to elevate the ribs without widening 
the intercostal spaces The visceral pleura glides over the parietal 
pleura only m pulmonary excursion between the position of apnea 
(i e , the end of passive expiration) and that of maximum inspiration, 
and within this range of thoracic excursion the parietal pleura is 
maintained as a smooth, taut membrane — a condition that is very 
essential for the smooth functioning of lung extension From the 
position of apnea to that of forced expiration, when the ribs are all 
pulled downward and the lower seven are rotated mediad on their 
vertebral axes by the action of all the intercostals and the abdominal 
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muscles, so that the surface of the parietal pleura may present a slightl} 
corrugated surface, but within this range of thoracic excursion there 
IS no gliding between the visceral and parietal pleurae 

This exposition of costal excursion clearly shows how the inter- 
costal spaces, from the second to the fifth, inclusive, may either retain 
their breadth or be slightly narrowed m the process of increasing the 
circumference of that part of the thorax which has the rigidity of a 
cuirass, and it also shows how, if the ribs be permitted to move 
cephalad during inspiration, the lower intercostal spaces, from the 
sixth to the eleventh, inclusive, must retain their width unchanged by 
an outward rotation of the ribs on a vertebral axis If this outward 
movement of the lower ribs is not allowed, then the lower part of the 
thorax is rib-bound and loses its contribution to pulmonary excursion 
in inspiration 

It thus become apparent how flattening of the subcardial and lateral 
portions of the diaphragm will lessen the vital capacity of the lungs 
not only because some phrenic excursion is lost but also because 
flattening of any part of the diaphragm lessens the outward rotation 
of the costal ends to which it is attached Depression of the diaphragm 
renders a patient, so to speak, both phrenic bound and costal bound in 
the lower thorax In cardiac disease, where the enlarged heart flattens 
the subcardial diaphragm and causes inspiratory narrowing of the 
subcostal angle, we can see how the loss of outward rotation of the 
involved ribs will contribute to a loss in vital capacity of the lungs So 
that cardiac decompensation contributes to lessening of lung capacity 
not only by lung rigidity from stasis in the pulmonary circulation, but 
also by costal rigidity due to a loss of outward rotation in the sixth to 
the ninth ribs, inclusive 

To show the absurdity of the supposed widening of the intercostal 
spaces on inspiration, one needs only to stretch a tape from the top 
of the second rib in the midclavicular line to the eleventh rib in the 
midaxillary line, and it is then seen that from the end of a normal 
expiration, or the position of apnea, to a maximum inspiration, the 
distance between these two points remains unchanged If the tape is 
stretched from the middle of the clavicle to any point on the lower 
ribs, the distance between the two points is found to be lessened during 
quiet inspiration In other words, all excepting the first rib move 
cephalad during a moderate inspiration In a forced inspiration the 
scaleni elevate the first nb and with it the clavicle 

Excepting the first interspace, every part of all the intercostal 
spaces retains an unchanged breadth during tranquil inspiration, 
excepting those parts -which he between the costal cartilages as they 
form an angle with the course of their respective nb and turn m a 
cephalad direction to join the sternum These interchondral spaces 
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are decidedly widened during inspiration, as can be clearly seen in 
the dog when the intercostal spaces are uncovered Howevei, in this 
area of interchondral spaces, a considerable volume of muscle inter- 
venes between the spaces and the parietal pleura, viz , the triangularis 
steini and the transverse abdominal muscles, so the alternate widening 
and narrowing of these spaces with respiratory movements do not 
modify the contour of that part of the parietal pleura that lies 
underneath 

This exposition of costal excursion is confirmed by a dog experi- 
ment which was designed to produce an exaggeration of the normal 
excursion of the ribs 

Experiment 4 — Under morplnn, 14 gram, and ether anesthesia, both 
phrenic nerves were severed in the lower cervical region, and all the attach- 
ments of the abdominal muscles were cut away from the costal margins, and 
the ribs exposed b} skinning one side of the thorax By this means all 
restraint to costal excursion by the diaphragm and abdominal muscles was 



abolished The dog was then made to rebreathe through a tracheal cannula 
connected with a Benedict reservoir that contained 25 per cent carbon dioxid 
and 75 per cent oxygen The tube connecting the trachea with the reservoir 
was narrowed by means of a screw clamp so that inspiration and expiration 
were both much prolonged It was thus possible to make a satisfactory 
inspection of the costal movements 

The second rib touched the first rib at the height of inspiration, and the 
second interspace was narrowed but not so much as the first The narrowing 
of the interspaces during inspiration grew progressively less to the seventh, 
which retained an unchanged breadth during the entire respiratory cycle, but 
from the seventh space down to the twelfth, inclusive, there was a perceptible 
widening of the interspaces during inspiration and narrowing at the end of the 
forced expiratory effort These observations were made on the intercostal 
spaces in a line drawn from the midclavicular line on the second nb to the 
midaxillary line on the thirteenth rib It was clearly perceived that the inter- 
spaces in the upper half of the thorax, or cuirass, were narrowed in inspira- 
tion and widened in expiration, but m the lower half the interspaces were 
widened during inspiration and narrowed wnth expiration 
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This strongly indicates that the intercostal muscles are concerned 
wholly with rotation of the ribs in laterad, cephalad and caudad direc- 
tions, and have nothing to do with the breadth of the intercostal spaces 
The varying breadth of the intercostal spaces is a mere incident in 
the process of enlarging the circumference of the thorax in all its 
levels during inspiration, and constricting the thorax circumferentially 
during expiratory efforts 

Figures 5 and 6 illustrate the rotations of the intercostal spaces 
in forced expiration 

In Figure 5 A-B represents a line drawn through the costovertebral articu- 
lation of three upper ribs C, D and E are points on the first, second and 
third ribs in the mid-clavicular line A-C, F-D, and G-E are the radn of 





rotation of the points on the ribs The distances between the arcs of rota- 
tion of these radii are seen to broaden as the arcs are drawn downward, which 
of course means that the intercostal spaces are slightly broadened in this part 
of the thorax as the ribs are pulled downward from the position of apnea to 
that of forced expiration As we descend to the lower position of the thorax, 
there is a distinct narrowing of the intercostal spaces with forced expiration 
This mechanism is described in Figure 6 

In Figure 6 let the line A-B represent a line on the middle of the vertical 
plane of the thorax, and C, D and E points on the ninth, tenth and eleventh 
ribs in the midaxillary line A-C, F-D, and G-E are the radii of rotation of 
the points on the arches of these ribs, which dimmish in size from above down- 
ward As these ribs are drawn mediad and caudad the ends of the radii of 
rotation of neighboring costal segments, as shown by the arcs of excursion 
of the points C, D and E, will be approximated 

Thus, in thoracic excursion from the postion of apnea to that of 
maximum expiratory compression, the upper part, or cuirass, and the 
lower or bellows part are both diminished in circumference, but m this 
process the upper intercostal spaces are slightly broadened and the 
lower intercostal spaces are narrowed 
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COMPRESSION OF THE LUNGS BY INTERCOSTAL MUSCLES 

As shown thus far by this study, the active part that the intercostal 
muscles may perform in compressing the lungs indicated the need of 
proving that the intercostals without the aid of the abdominal muscles 
can raise the pressure in the pleural cavity The loss of one half the 
power of lung compression in our patient with paralyzed intercostals 
and intact abdominal muscles demanded proof that the intercostals 
without the aid of the abdominal muscles can compress the lungs 

Five animals were employed for this purpose In four of them 
the abdominal muscles were eliminated by cutting all their attachments 
to the thoracic cage, and m one dog the dorsal cord was sectioned 
at the level of the fifth dorsal vertebra The Meltzer pleural cannula 
and a tambour were used in each experiment to record the intra- 
pleural pressure The pleural cavity was injected with 100 c c of 
air to insure against occlusion of the intrapleural opening of the 
cannula, and after each tracing the contained air was aspirated by a 
graduated syringe to make sure there had been no leakage of air into 
the pleural cavity The dog was made to rebreathe an atmosphere 
of 80 per cent oxygen and 20 per cent carbon dioxid against stenosis 
equal in inspiration and expiration and as great as the animal would 
tolerate — i e , the maximum resistance against which the dog would 
continue to breathe 

The rise in pleural pressure in expiration was always very mod- 
erate, only about one-quarter as great as the minus pressure obtained 
during inspiration There was some doubt as to whether the moderate 
positive pressure attained in expiration was due to action of the inter- 
costals or merely to pressure of the expanded thoracic cage 
passively resting on the lungs after they had been distended by torsion 
of the thorax and descent of the diaphragm during inspiration 

In several experiments only 1^4 grain morphin was given before 
ether anesthesia was employed, and the animal was permitted to come 
sufficiently out of the ether anesthesia so that the conjunctival reflex 
returned The idea was then conceived that the preliminary dose of 
morphin or the ether was responsible for the high threshold for active 
expiration, and therefore nitrous oxid anesthesia was employed with- 
out an}'^ preliminary dose of morphin The results obtained by this 
method were very satisfactory 

Experiment 5 — The dog with which the following tracings were made was 
a vigorous 2-3'ear old terrier, weighing 12 kilos The nitrous oxid anesthesia 
was begun by giving the anesthetic with a muzzle over the dog’s nose wdiile a 
tracheotomy was done, a tracheal cannula placed in position, and a Meltzer 
cannula inserted in the fourth intercostal space of the right side An appa- 
ratus like that used m the surgical deparftnent of Lakeside Hospital w'as 
emploj'ed, and the anesthesia w'as administered by one of the anesthetists of the 
surgical service 
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The original plan was to cut away all attachments of the abdominal muscles 
to the thoracic cage while the animal was under the anesthetic, and then with 
suspension of the nitrous oxid it was planned to give the dog a dose of 
apomorphin with the idea that during the \omiting effort that would follow, 
the action of the intercostals might produce a strong positive pressure m the 
pleural cavity Quite be 3 'ond all expectation, while the dog’s abdomen was 
still intact and without the introduction of any further resistance to expira- 
tion than was provided bj the apparatus as usually employed m surgical work, 
the intrapleural tracing revealed a very strong positive pressure during expira- 
tion After the tracing was finished, the pleural cavity was exhausted of air 
and only 100 cc could be withdrawn, the exact amount that was injected 
before the tracing was begun It is, therefore, quite certain that pneumo- 
thorax was not a factor in the intrapleural pressure obtained 

In Figure 7, tracing A was made of the intrapleural pressure \yhen the 
abdominal muscles were intact and there was no resistance offered to the 
entrance and exit of air beyond what the apparatus supplied The time trac- 
ing IS in seconds, and the horizontal line traces barometric pressure The 
inspiratory or downward stroke is straight and the upward or expiratory 
stroke is equallj^ so As the tracing shows, each expiration was active and was 
attended by vigorous contraction of the abdominal walls There was a free 
exchange of air between the lungs and the elastic bag that contained the mix- 
ture of nitrous oxid and oxygen The intrapleural pressure, as determined by 
calibration of the tambour directly after the experiment, ranged between 80 
and 130 mm of water above barometric pressure and between 60 and 80 mm 
of water below The extent of intrapleural pressure does not indicate the 
volume of tidal air, because the intrapulmonic pressure was above the barom- 
etric However, the excursions of the walls of the rubber bag showed the 
animal was freely exchanging air, and at the conclusion of the tracing, when 
the trachea was disconnected from the nitrous oxid apparatus, there was no 
hyperpnea 

This was a far better exhibition of active expiration under anes- 
thesia than I had ever succeeded in procuring It was therefore 
decided to cut away the attachments of the abdominal muscles from 
the thoracic cage and then see how the intrapulmonic pressure would 
behave with expiration under the influence of nitrous oxid 

Apomorphin ^\as not given when the abdominal muscles had been cut, and 
the anesthetic was continued as before Both inspiration and expiration were 
apparent!} conducted with much vigor The whole surface of the diaphragm 
was plainly in view and could be seen to contract vigorously with inspiration 
During expiration the under surface of the diaphragm pouched slightly 
caudad, and could be felt b} the palpating hand to be under rather high 
pressure during the entire expiratory phase 

Tracing B, Figure 7, was then made of the intrapleural pressure When 
this tracing was made, the only muscles that could possibly contribute to 
overcoming the intrapulmonic pressure were the intercostal muscles, the tri- 
angularis sterni, and some of the serratus posticus inferior It seems cer- 
tain that the intercostals must have been the dominant agent in compressing 
the lungs The excursion of the thoracic cage was vigorous, and the costal 
borders were strongl} moved lateral during inspiration 

At the right of the middle of the tracing the intrapulmonic pressure was 
nearly sufficient to distend the lungs, as showm by the fact that the intra- 
pleural pressure during inspiration descended ver} little below the barometric 
line That the dog was freely exchanging air w'as indicated by the thoracic 
excursion and the mo\ements of the bag containing the anesthetic At A 
the valve in the lateral opening of the tube connecting the tracheal cannula 
with the rubber bag w'as opened more freely to reduce the intrapulmonic 




Figure 7 


20 


ARCHIVES OF INTERNAL MEDICINE 


pressure Immediately the inspiratory excursions of intrapleural pressure 
below the barometric line increased and the expiratory excursions above 
diminished 

The time markings in this tracing are in fifths of a second The hori- 
zontal line traces barometric pressure The pressure above the barometric 
line ranged between 120 and 60 mm of water, and that below between 60 and 
10 mm of water, the pressure above the line being greatest when the pressure 
below was least 

In Figure 7, tracing C is from the last part of the tracing shown in B 
The ten respiratory cycles with the two that preceded H were all alike, having 
a duration of eight-fifths second for inspiration and twelve-fifths second for 
expiration The intrapleural pressure in inspiration descended only 15 mm 
of water below barometric pressure, but during expiration it ascended 40 mm 
of water above Then as the tracheal cannula was disconnected from the 
nitrous oxid apparatus at H, the character of the respiration changed The 
intrapleural pressure remained below the barometric line and during inspiration 
descended to 50 mm of water 

The air was then aspirated from the pleural cavity and 100 c c were 
obtained, the exact amount injected before the tracing m B and C was begun 
That the dog was freely exchanging air during this period is shown by 
the want of hyperpnea as the tracheal cannula was disconnected from the 
apparatus 

In Figure 7, line D is the intrapleural tracing while the dog was freely 

breathing room air through the tracheal cannula In the six respiratory 

cycles in which the expiratory pressure goes above the barometric line, the 

dog’s thorax was strongly compressed laterally during expiration between 
my two hands During this compression, the under surface of the diaphragm 
was depressed The moderate rise of intrapleural pressure during this pro- 
cedure gives some idea of the vigor with which expiration was accomplished 
in the periods when the preceding tracings were made 

The dog was then given ether, and a large amount of air admitted to the 
pleural cavity through the Meltzer cannula The pneumothorax was of such 
degree that during expiration the entire under surface of the diaphragm 

projected as a convex dome below the costal borders During this period trac- 
ing E, Figure 7, was made The time was in one-fifths of a second, expira- 
tion occupying eight-fifths second and inspiration three-fifths second During 
expiration the intrapleural pressure rose only as high as 40 mm of water above 
the barometric line, but during the brief inspiration the pressure descended to 
180 mm of water below I have in former experiments frequently traced the 
intrapleural pressure of dogs with severe pneumothorax when morphin and 
chloretone or morphin and ether were used for anesthesia, and many of the 
tracings were like this one 


The mechanisms i.'^t lived m breathing against a positive intra- 
pulmonic pressure to require further consideration For this 


purpose another 'experfi^e it was made with nitrous oxid anesthesia, 
m which the same apparS^^s -was used as in the preceding one 


Experiment 6 — A T-tube put in the tube connecting with the tracheal 
cannulaxand by means of its literal branch the intrapulmonic pressure could 
be traced^bj a,.tariAour at the saihe time the intrapleural pressure was recorded 
'In' a tamboui-v^^"*^^ with a Meltzer cannula in the fourth right intercostal 
s^ce in the ^nide Jme The widting styles of two tambours were 

peHectl) aligned, so fr. ^he intrapulmonic and^ Intrapleural pressures could 
be compared at' any phase of a respiratory cycle 

The apg was'^ terrier weighing 9 5 kilos Nitrous oxid and a little ether 
were used while the preliminar} tracheotomy w'as performed and the tracheal 
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cannula fixed m position Only nitrous oxid and oxygen were subsequent!} 
used The tracing was made while all the muscles involved in respiration 
were intact 

In Figure 8 the upper line is the tracheal, and the lower line the intra- 
pleural tracing Ihe horizontal line m each traces the line of barometric 
pressure In both, the upstroke traces expiration and the down stroke inspira- 
tion The time marker is in seconds in the slow drum, and in one-fifth second 
in the fast drum During the time the tracing was made the alidommal mus- 
cles were firmly contracted during expiration, and the respiratory exchange 
was free between the lungs and the rubber bag containing the anesthetic 

The tambours were calibrated against a water manometer directly after the 
experiment At the end of expiration pressure in the pleural cavity equaled 180 
mm of water and in the trachea 160 mm During inspiration the intrapleural 
pressure attained between 100 and 55 mm of water below the barometric 
line, and in the trachea at the end of inspiration the pressure was nevei less 
than 40 mm of water above the barometric line 
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The question might be raised as to how much the expiratory recoil 
of the clistoited thorax can be responsible for the rise m pressure m 
the pleural cavity For it may be thought that the recoil of the thorax 
against the lung distended by intrapulmonic pressure may be responsible 
for the rise If we consider the physical conditions at the end of 
expiration, it is apparent they were as follows In the pleural cavity 
there was a pressure of 180 mm produced by the expiratory muscles 
with the supposed aid from thoracic recoil, and m addition to these 
factors there was the elastic contraction of the lung, which at the end 
of expiration balanced a column of water 40 mm high — m all repre- 
senting an expulsion pressure of 220 mm These forces were pitted 
against an intrapulmonic pressure at the end of expiration equal to 
160 mm of water But if we consider for a moment, we shall see that 
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at the end of an expiratory phase there can be no available force from 
recoil of the thorax Instead of recoil in an expiratory direction, there 
IS some potential recoil m an inspiratory direction, as can be shown 
when an is admitted to the pleural cavity so that barometric pressure 
IS produced Under such conditions the thorax increases in volume 
It IS thus apparent that the 180 mm of pressure registered in the 
pleural cavity at the end of expiration was due wholly to action of the 
expiratory muscles This experiment confirms the interpretation of the 
intercostal source for the intrapleural pressure shown in the preceding 
tracings of Figure 7 It also furnishes another bit of evidence to show 
that inspiratory and expiratory forces are equally provided for all the 
boundaries of the lungs — a conception that is very important for the 
interpretation of clinical signs pertaining to respiratory excursions of 
the thorax 

All of the foregoing observations are in direct conflict with two 
points of view which seem to be generally accepted by physiologists 
The pi evading physiologic belief is that widening and narrowing of 
the intercostal spaces are purposes for employment of the intercostal 
muscles It is very obvious from the foregoing observations that if all 
of the external intercostal muscles are synchronously activated during 
inspiration, their purpose cannot be to widen all the intercostal spaces, 
for if the breadth of the intercostal spaces is modified at all during 
inspiratory excursion, the upper interspaces are narrowed and the lower 
widened, and during expiration the reverse of this is true So that 
obviously, if all the internal intercostal muscles are synchronously 
activated during expiration, they cannot serve the same purpose in all 
the intercostal spaces if the modification of the breadth of the spaces 
IS the purpose of their contraction The chief function assigned to the 
intercostal muscles by physiologists is the fixation of the sides of the 
thorax to furnish rigidity to the intercostal spaces But it was observed 
m our patient who had paralysis of all the intercostal muscles that he 
did not in any degree suffer from a want of resistance to atmospheric 
pressure in the intercostal spaces The parietal pleura amply serves 
such a purpose He did suffer distinctly from an impairment of his 
vital capacity, but the greatest disability he suffered was the great loss 
of the intercostal muscles for forcibly constiicting and expanding the 
thorax If this man were to suffer an attack of bronchiolar hypertonus 
sufficiently severe to demand an active expiratory effort as well as a 
vigorous inspiratory effort, he would probably succumb to suffocation 
It does not seem possible that he would be able to employ sufficient 
effort in inspiration and expiration to escape such a fate m view of the 
violent effort at expansion and constriction of the thorax which is 
employed by persons with normal musculature in attacks of bronchiolar 
hypertonus 
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MOVEMENTS OF THE FIRST RIB AND STERNUM 

Tbis patient with paralysis of the intercostal muscles had an 
excursion of the sternum and first pair of ribs that is of interest in 
relation to the normal function of the scaleni and first pair of inter- 
costal muscles By the use of the scaleni alone, he could increase the 
circumfeience of the thorax thiee-fourths of an inch at the third and 
sixth intercostal spaces The increase m circumference below the sub- 
costal angle was due wholly to protrusion of the upper abdomen from 
descent of the diaphragm Because of the anchorage of the manubrium 
and first pair of ribs by the scaleni, these structures are stationary in 
a normal person with quiet breathing They move cephalad only m 
forced inspiration, but m the patient with paralyzed mtei costal muscles 
the manubrium and fiist rib moved cephalad during quiet bieathmg, 
because the normal opposition of the first intercostal muscles to the 
scaleni was wanting The balance between the pull of the scaleni and 
the first intercostal muscles indicates an isometric contraction of the 
scaleni The scaleni are activated during quiet inspiration, as indicated 
by the cephalad movement of the manubrium and first rib in quiet 
respiration in the case of our patient with paralysis of the intercostal 
muscles, but in a normal person the origin and insertion of the scaleni 
ai e not approximated during activation m tranquil breathing, but 
without their activation the manubrium and ribs to which they are 
attached are moved in an expiratory direction during the mspiratoiy 
phase When the scaleni are paralyzed, the manubrium and first, second 
and third ribs move caudad on inspiration The fourth rib is stationary, 
but below that theie is an exaggerated movement in a normal direc- 
tion A discussion of this subject will be found m a previous 
publication ^ 

Studies of the movements of the first rib and all those below show 
that m quiet breathing the first rib is not elevated, below the second 
rib there is no demonstrable variation in the breadth of the intercostal 
spaces , and isometric contraction prevails m the -scaleni and all the 
external intercostals Shortening of any of these muscles is not an 
essential to their employment They may all be vigorously employed 
without being shortened, and whether they are shortened or not will 
depend on the fixation of the muscle at one point of insertion As 
mentioned, m the patient who had paralysis of his intercostaf 
muscles the first rib and manubrium moved cephalad during tranquil 
respiration because of want of fixation of the first iib by normally 
acting intercostal muscles, and m the child who had paralysis of the 
scaleni there was distinct narrowing of the upper three intercostal 

1 Hoover, C F Diagnostic Signs from the Scaleni, Intercostal Muscles 
and the Diaphragm in Lung Ventilation, Arch Int Med 20 701 (Nov ) 1917 
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spaces, attended with caudad movement of the upper three ribs when 
their intercostal muscles were activated during inspiration This caudad 
or expiratory movement during the inspiratory phase was due to want 
of fixation of the upper three ribs by normally acting scaleni 

Because of the normal anchorage of the manubrium and first pair 
of ribs by the scaleni during inspiration, the distance between two 
points — namely, on the second rib in the midclavicular and on the 
tenth m the midaxillary line — is unchanged in thoracic excursion within 
the range from apnea to maximum inspiration, but jiormally in tranquil 
breathing the distance between points on the middle of the clavicle and 
on the tenth rib in the axillary line is diminished In our patient, on 
the left side where all the intercostals were paralyzed, the distance 
between the clavicle and the tenth rib and between the second and 
tenth ribs remained the same during quiet and forced breathing 

Under normal conditions the sternum in inspiration is rotated 
anteriorly on a transverse axis located at the upper border of the 
manubrium The ventral elevation of the anterior parts of the second 
to the fifth ribs, inclusive, carries forward those parts of the sternum 
to which these ribs are attached, but in our patient the lower end of 
the sternum was retracted vertebrad with inspiration, because, as the 
costal borders were drawn toward the median line by inspiratory trac- 
tion of the diaphragm, the normally acting subcardial diaphragm drew 
the sternum vertebrad In inspiration the lower end of the sternum 
IS also retracted when the subcardial diaphragm is flattened sufficiently 
to give It the mastery over the intercostals This occurs in enlargements 
of the heart or the pericardial sac 

FUNCTIONS OF THE INTERCOSTAL MUSCLES 

In the beginning of this discussion, a few brief references were 
made to the history of the study of costal movements and the functions 
of the intercostal muscles, and the statement was then made that 
Martin and Hartwell, in 1879, published the only piece of work that 
has thus far given any experimental support to the theory that the 
external intercostals had purely inspiratory and the internal purely 
expiratory functions The sources of the difficulty he m the facts that 
physiologists cramped their minds into believing that all the intercostal 
spaces were widened during inspiration as an essential part of lung 
enlargement, but when the intercostal spaces are studied on an animal 
with an intact thorax, it is found that the spaces remain unchanged in 
a normal respiratory cycle, and in exaggerated inspiration the upper 
spaces narrow and the lower widen If the muscles connecting any 
two ribs are activated by an electric current, the ribs are approximated 
when both external and internal muscles or only one of them is intact 

Under the discussion of costal movements it was shown how unde’- 
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normal conditions the intercostal spaces must all, with the exception 
of the first, retain a constant breadth m a lespiratory excuision ranging 
between the position of apnea and that of maximum inspiration But 
it will also be remembered that, when the scalem are paralyzed, the 
first three mtei costal spaces are much narrowed during inspiration, 
the first three ribs move in a caudad direction and the fourth rib 
remains stationary, while the remaining eight ribs move in a normal 
direction 

In this relation there is another observation of importance that 
was made on the patient who had all but the low’'er four right inter- 
costal muscles paralyzed When the patient was seated and the 
examiner, standing behind him, placed a palpating fingei of each hand 
m the tenth intercostal space of either side in the posterior axillary 
lines, there was a very perceptible difference between the intercostal 
spaces of the two sides if the patient made a maximum inspiratory 
effort On the right side the tenth and eleventh ribs moved m a normal 
manner and the breadth of the intercostal space was unchanged, but 
on the left side, where all the mtercostals were paralyzed, there was 
a perceptible widening of the intercostal space and the intercostal struc- 
tures were retracted and drawn taut as the strong inspiratory effort 
was made The patient’s scalem were normal, so when by their 
maximal activation the upper thorax was drawn upward, the traction 
applied to the upper two ribs by the scalem served to elongate the 
thoracic wall of the entire left side by a very slight but perceptible 
widening of the intercostal spaces 

When in a seated position this patient made a strong inspiratory 
effort, the circumference of his thorax at the third and sixth inter- 
spaces increased three-fourths of an inch, although all the intercostal 
muscles of both sides in these parts were paralyzed This increase in 
circumference was due entirely to the scalem, which by their attach- 
ments to the first and second ribs not only drew these ribs upward 
but exerted a cephalad traction on all the ribs below by means of the 
connections through the parietal pleura, which is capable of very slight 
extensibility The increase m circumference of the upper three quarters 
of the thorax was accomplished by the action of the scalem only, and 
as already shown it would be impossible to elevate the ribs in then 
parallel relation without narrowing the intercostal spaces or retaining 
a constant breadth between them The very limited extensibility of the 
parietal pleura allows only a slightly perceptible broadening of the 
spaces It will be remembered that m this patient all the intercostal 
muscles of the left side and all but the lower four on the right were 
paralyzed When a tape, fixed on the third rib in the left midclavicular 
line, was drawn taut to the tenth rib m the left midaxillary line, 
the distance between these two points was very slightly increased 
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by a maximum inspiration When during a forced inspiration the 
upper end of the tape was fixed on the middle of the clavicle, the 
distance between the clavicle and the point on the tenth rib showed about 
the same increase On the right side, where the lower four intercostals 
only were active, when symmetrical measurements were made in the 
same mannei, the distance from the third to the tenth rib in inspiration 
was found to be shortened by a distance equal to tbe breadth of one 
interspace, and the distance from the clavicle to the tenth rib was 
diminished as in normal persons 

When the lower intercostal spaces of the right side were examined, 
the eighth intercostal space was found to be narrower than that immedi- 
ately above and below This was due to paralysis of the seventh 
intercostal muscle and the downward traction of the eighth rib by the 
intact muscles of the eighth interspace During inspiration the ninth 
rib moved with vigor in a normal direction, but its excursion was 
perceptibly less than that of the tenth, eleventh and twelfth After a 
little practice in palpating ribs, the examiner will readily distinguish 
between the mo^ement of a rib that passively yields to the traction of 
Its intercostal attachments and a movement that is conferred on it by 
action of its attached intercostal muscle 

The effect of paralysis of an external intercostal muscle on the 
breadth of its interspace is shown by a very simple experiment The 
ribs and intercostal muscles are exposed m the middle part of one 
side of a dog’s thorax and the external intercostal muscle of the 
eighth interspace severed in its middle for its entire extent During 
tranquil respiration the eighth space is then seen to widen during 
inspiration by an upward movement of the eighth and a lesser down- 
ward mo^ement of the ninth rib 

It is quite clear, then, that action of the intercostal muscles either 
narrows or preser^es the upper intercostal spaces unchanged, and the 
only interspaces that are widened by inspiration are those spaces 
between the lower chondral cartilages as they form angles with their 
respective ribs to pass cephalad toward their junction with the sternum 
It now remains to be shown how the external and internal intercostal 
muscles are brought into requisition by different kinds of respiratory 
movements 

A normal person can aspirate a column of mercury 90 mm , and 
blow a column 100 mm high Aspiration is done by the diaphragm, 
intercostals and scalen' , compression of the lungs, by the abdominal 
muscles and tbe intercostals When the intercostals were paralyzed, a 
man who normally should be able to blow a column of mercury 100 
mm was able with powerful abdominal muscles to blow a column only 
50 mm bigb, and aspirate by his diaphragm and scaleni a column only 
46 mm These results proved that in a normal person the share of the 
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intercostal muscles m forced inspiration is equal to that in forced expira- 
tion , and, therefore, in the act of compression, all the intercostal muscles 
are employed both in depressing and m elevating the nbs if the maximum 
inspiratory and maximum expiratory efforts are made So if approxi- 
mation of the ribs by intercostal action is to be observed, it is advisable 
to study the movements of an adjoining pair of ribs when they are cut 
away from their costal attachments above and below and freely respond 
to activation of the muscles connecting them By severing the con- 
necting external muscle in one instance and the internal in another, 
we are able to see under what respiratory conditions both the external 
and internal muscles are brought into action However, if the threshold 
of employment for the internal intercostals only is to be studied, the 
thorax can be left intact and the external intercostals severed for their 
entire extent in two neighboring intercostal spaces The dog is then 
made to rebreath an atmosphere with a high carbon dioxid content to 
induce hyperpnea, and by applying compression to the tube connecting 
the bag with the tracheal cannula, the behavior of these muscles can be 
brought out when great effort in expansion and compression of the lungs 
is employed 

The results obtained by animal experiment m the study of inter- 
costal muscle employment vary with the anesthetic and the depth of 
anesthesia, and also with the stage of exhaustion of the respiratory 
innervation' The intercostal muscular response also varies with the 
amount of tidal air demanded by the respiratory need and with the 
resistance to inspiration and to expiration To get the best results the 
respiratory threshold should be raised as little as possible by the use 
•of anesthesia The less the respiratory threshold is raised the greater 
is the alertness and vigor in the respiratory efforts that follow when 
the animal breathes a high concentration of carbon dioxid or is made 
to work against resistance to the entrance and exit of air 

THRESHOLDS FOR EMPLOYMENT OF THE EXTERNAL AND 
INTERNAL INTERCOSTALS 

Experiments were made to gam information about the thresholds of 
employment for the two sets of intercostal muscles m inspiration and 
expiration 

Experiment 7— -After the nbs and intercostal muscles have been exposed 
over one side of a dog’s thorax, the external intercostal muscle in the eighth 
interspace is severed m the middle intercostal line from its anterior border to 
the vertebra Then, while the animal is tranquilly breathing room air, the 
space between the two nbs united only by the internal intercostal muscle 
widens with inspiration, while the spaces above and below remain constant 
However, there is thus far no evidence of activation of the exposed internal 
intercostal muscles The tracheal cannula is then connected with a bag con- 
taining 75 per cent oxygen and 25 per cent carbon dioxid With the ensuing 
hyperpnea the dog is compelled to speed up his respiratory and expiratory 
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phases, and the tidal air is greatly increased, so that the expiratory excursion 
of the’ thorax exceeds that of the position of apnea The exposed internal 
intercostal muscle is then seen to contract vigorously during expiration as the 
thorax is circumferentially constricted But thus far there is no evidence of 
activation of the internal intercostal muscle during inspiration Apparently 
the external intercostal muscles are still adequate to move the ribs into their 
position of maximum inspiration so long as there is no resistance to the 
entrance of air, but when the tube connecting the bag and the dog’s tracheal 
cannula is narroi\ed so that a great inspiratory effort is demanded in the 
presence of hyperpnea, the exposed internal intercostal muscle is brought into 
action to aid the inspiratory effort With the intact thorax tins action cannot 
be shown bj any other sign than that the two ribs which are connected by 
only tneir internal intercostal muscle are no longer separated during the 
inspiratory effort as they were in tranquil inspiration 

This indicates that the threshold for expiratory employment of the 
internal intercostal muscle is lower than that for its inspiratory employ- 
ment We must consider too that, although the internal muscle was 
brought into service with expiration before the tube connecting the 
trachea and bag was narrowed, the abdominal muscles had not yet 
been actively contracted during expiration, and thus far it has not 
been proved that the external intercostal muscles are ever employed 
in expiration 

To investigate the question of the expiratory use of external inter- 
costals, another dog experiment was conducted in the following manner 

Experiment 8 — After a preliminary dose of 14 gram morphin, under ether 
anesthesia the ribs and intercostals of the lower right thorax were exposed 
The sixth and eighth intercostal spaces were cut through for their entire 
extent and artificial respiration employed The seventh and eighth ribs were 
then cut at their costochondral junctions and the internal intercostal muscle was 
severed through its midline for its entire extent, so that the two ribs were 
united bj the external intercostal only The two remaining parts of the ribs 
were held in their normal position with the connecting external intercostal 
muscle slightly taut Artificial respiration was then suspended, and, as active 
respiratory movements by the dog w'ere begun in response to suffocation, there 
was at first no evidence of expiratory activation of the isolated external 
intercostal muscle, but as the vigor of the respiratory efforts was increased 
and the abdominal muscles were strongly activated in expiration, as shown by 
the forceful upward displacement of the vault of the diaphragm and firm 
expiratory contractions of the abdominal muscles, the external intercostal 
muscle which alone united the two isolated ribs, contracted very actively and 
approximated the ribs When the abdominal muscles w'ere not activated m 
expiration, the isolated external intercostal did not contract 

This experiment u as repeated several times and indicates a synergic 
emplo}ment of the abdominal muscles and external intercostals in a 
forced expiratory effort 

Experiment 9, when taken alone, would confirm the observations 
of IMartin and Hartwell, and without further observations would con- 
firm the Hamberger theory that the external intercostals have a purely 
inspiratory and the internals a purely expiratory function 
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Experiment 9 — After the usual preparatory procedures, the sixth and ninth 
intercostal spaces were cut through their entire extent, and the seventh, eighth 
and ninth ribs were cut at their costochondral junctions In the seventh inter- 
space the internal intercostal muscle was severed midwaj"^ between the ribs for 
Its entire extent, and the same was done for the external intercostal muscle 
m the eighth interspace We then had the seventh and eighth ribs united 
only by the external intercostal, and the eighth and ninth by the internal 
intercostal Artificial respiration was suspended and the arches of the seventh 
and ninth ribs were held by the hands in their normal anatomical position on 
the vertebrae Slight traction was employed to keep the remaining intercostal 
muscles slightly taut Then in inspiration, as suffocation induced active 
respiratory movements, the eighth rib was drawn upward by the external inter- 
costal muscle, which alone united it to the rib above, and during expiration 
the eighth rib was actively drawn toward the ninth rib, to which it was united 
by the internal intercostal only 

This procedure was repeated many times, until the respiratory func- 
tion was greatly exhausted, and then the expiratory contraction of the 
internal intercostal ceased when the inspiratory action of the external 
intercostal was still quite active During the experiment, however, at no 
time in expiration were the abdominal muscles contracted, and, there- 
fore, there was no expiratory action of the external intercostals , and 
furthermore, we could not excite the internal intercostals to an inspir- 
atory effort by offering any resistance to inspiration, as was done in the 
first experiment when the animal was breathing 75 per cent oxygen 
and 25 per cent carbon dioxid with a closed thorax and against a 
strong resistance to the entrance of air into the lungs 

These experiments show that the external intercostals under all 
respiratory conditions are activated during inspiration, and that in 
tranquil respiration none of the intercostal muscles are employed in 
passive expiration During active expiration the internal intercostals 
are brought into action when the abdominal muscles are not yet needed, 
but when active expiration enlists the aid of the abdominal muscles, 
the external intercostals are synergically activated with them 

With an open thorax the conditions forbid the employment of 
measures that will exceed the threshold for the inspiratory use of the 
internal intercostals, but so far as could be determined with a closed 
thorax, the internal intercostals were brought into service when the 
animal was made to inspire against a high resistance in the presence of 
great hyperpnea induced by rebreathmg an atmosphere consisting of 
75 per cent oxygen and 25 per cent carbon dioxid When we consider, 
however, that a normal person can by the use of his scaleni, intercostals 
and diaphragm aspirate a column of mercury 90 mm high, and that by 
use of his abdominal muscles and intercostals the air in the lungs can 
be compressed to balance a column of mercury only 10 mm higher, 
there is good inferential evidence to prove that in a forced inspiratory 
effort both sets of intercostals are employed, for we know that both 
external and internal intercostal muscles are employed in efforts at 
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pulmonary compression when the abdominal muscles are for this 
purpose brought into use It must also be remembered that the man 
who had all but the lower right four intercostals paralyzed was able 
to raise the pressure in his lungs to a height of 50 mm of mercury by 
use of his abdominal muscles, and should have raised it to 100 mm 
had his intercostal muscles been normal By use of his scaleni and his 
diaphragm, he was able to aspirate a column of mercury 46 mm high 
As we know that the loss in power for constricting the thorax was 
due to paralysis of both external and internal intercostal muscles, there 
IS good reason to believe that the loss of aspirating power was not due 
to paralysis of his external intercostals alone, as we should have to 
believe if the internal intercostals are regarded as having a purely 
expiratory function 

Tne foregoing clinical and experimental observations show that the 
muscular boundaries of the lung — viz , the intei costal muscles and 
diaphragm — with the aid of the scaleni and abdominal muscles, supply 
a uniformly distributed power and capacity for expansion and com- 
pression over the entire lung surface, and also that the power available 
for expansion is about equal to that for compression The synergic 
use of all these muscles provides the lung with a motor organism that 
is like what the heart would have if it were endowed with equal 
diastolic and systolic powers 

The power for circumferential compression and expansion of the 
lung is equal to the available power for longitudinal compression and 
elongation It is clearly proved that both external and internal inter- 
costals are employed to obtain the maximum circumferential com- 
pression, and the corollary from this demonstration is that both 
external and internal intercostals are employed to obtain the maximum 
circumferential expansile force The maximum expansile capacity can 
be obtained without the use of the internal intercostals if there is no 
resistance to the entrance of air, but when the maximum expansile 
force IS required, the internal intercostals are brought into use Further- 
more, these clinical and experimental observations show that the motor 
agencies for the ribs are directed wholly toward modifying the circum- 
ference of the thorax, and that any changes m the breadth of intercostal 
spaces are merely incidental to intercostal muscular action and not the 
purpose of it 

INTEGRATION OE THORACIC MUSCLES 

The foregoing discussion shows the external and internal muscles 
to be employed during both inspiration and expiration, but how they 
can equally serve both is not yet apparent The intercostals alone 
cannot be responsible for the smooth and orderly manner in which the 
purposeful excursions of the ribs are displayed during the entire cycle 
of forced breathing Thus far the only demonstrated intrinsic effect 
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of intercostal action is to narrow all the intercostal spaces If this 
action during both inspiration and expiration were not modified by the 
actions of other muscles, the results during both phases of respiration 
would be a disorderly and fruitless procedure that would contribute 
nothing to either expansion or compression of the lungs Which 
muscles serve to integrate the intercostal muscles for an inspiratory 
effort and which convert their action into an integrated expiratory 
effort, are questions that demand an answer 

The inspiratory excursion of the upper thorax of our patient with 
intercostal paralysis was a lifeless, passive movement, like the expansion 
of the thorax of a cadaver when the sternum is pulled cephalad The 
expansion below the level of the subcostal angle was due largely to the 
inspiratory descent of the diaphragm On the left side, where all the 
mtercostals were paralyzed, all the iibs moved slightly cephalad m 
response to action of the scaleni which drew the first and second ribs 
m a cephalad direction, and all the ribs below passively followed as a 
result from traction on the broad sheet of parietal pleura, which is 
firmly united to the ribs at all the costal spaces On the right side, the 
same kind of movement was apparent as far down as to the ninth rib, 
but the last four ribs moved in a normal manner because of the anchor- 
age from above that was transmitted along the parietal pleura by the 
normally acting scaleni 

The want of integration of the upper three intercostal muscles with 
the inspiratory act is clearly demonstrated when the scaleni aie 
paralyzed These intercostal muscles are activated with all the others 
during inspiration, but instead of inspiratory inflation there is deflation 
of the underlying lungs This is so pronounced that the consequent 
rebreathing between the upper and lower lungs demands an exaggerated 
excursion of the lower to compensate for the defective excursion of the 
upper thorax This phenomenon was so pronounced in the child 
referred to above that it led to calling medical counsel In this child 
the manubrium and upper three ribs moved strongly caudad during 
expiration The fourth rib was stationary during the whole respiratory 
c>cle, while from the fifth rib downward there was an exaggeration 
of the normal excursion 

When m the dog the attachments of the scaleni to the upper three 
ribs were cut, the same costal movement as seen m the child was repro- 
duced, but with the ribs exposed a more satisfactory inspection could 
be made The upper thiee ribs not only moved in an expiratory dnec- 
tion during inspiration, but there was a vant of integration in their 
excursions They moved m a disorderly manner The first rib moved 
caudad and so did the second, but the first intercostal space was 
narrowed The second intercostal space was obliteiated by the upper 
bordei of the third rib, which overrode the lower border of the second 
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The third interspace was also narrowed In this relation one must 
recall the fact that in orderly forced expiration all these intercostal 
spaces are widened as the ribs move caudad, and in the inspiration of 
quiet breathing these upper three spaces are unchanged in width When 
the upper end of the manubrium was anchored by grasping it with 
forceps and holding it in the position it took at the end of expiration, 
then the upper four ribs moved in their normally integrated manner 
It has been shown in Experiments 5 and 6 that, when the diaphragm 
IS paralyzed and all the attachments of the abdominal muscles to the 
thorax are severed, it is still capable of great inspiratory and expiratory 
excursions , the tidal air is comparatively large, and the intrinsic muscles 
of the thorax cause marked compression of the lungs 

In these experiments the iliocostal muscles weie cut between the 
ileum and last rib The only integrators that under such experimental 
conditions could order the inspiratory and expiratory effect of the 
mtercostals were the scaleni, the serrati postici, superior and inferior, 
and the triangularis sterni As already shown, the function of the 
scaleni duiing quiet respiration is essential for the orderly action of 
the upper three intei costal muscles, although in such breathing the 
upper border of the manubrium and first rib are stationary Without 
the anchorage of the scaleni, by their isometric activation the upper 
thiee ribs move in an expiratory direction during the inspiratory phase 
and the upper parts of the lungs are deflated To determine if the 
serratus posticus inferior may not serve the same purpose for the 
lower thorax during forced expiration that the scaleni serve for the 
upper Experiment 10 was performed 

E\perijient 10 — A dog was anesthetized with nitrous oxid and a cannula 
put 111 the trachea through which the anesthetic was afterward continued 
The same apparatus was used as described in the preceding experiment The 
dog was turned on his right side and the muscles over the lower right side of 
the thorax exposed The latissimus dorsi was cut and the erector spinae 
exposed Along the course of each of the last four ribs an incision was made 
down to the surface of the rib from beneath the lateral border of the erector 
spinae, w'cll beiond the lateral extensions of the serratus posticus inferior By 
this means the function of the latter muscle was eliminated, but the inter- 
costal muscles were preserved The linea alba w'as then cut from the diaphragm 
to the pubis and a transverse incision on both sides eliminated all the 
abdominal muscles and the iliocostals in expiration The triangularis sterni 
was still intact but it could not play any part in the expiratory excursion of 
the last four ribs The conditions of the two sides of the thorax were the same 
with the exception that on the right the serratus posticus inferior was elimi- 
nated and on the left it was intact The last four ribs could be palpated on 
both sides through the intervening diaphragm, which was relaxed during 
expiration phcing alternately the four finger tips of either hand on the 
inner surfaces of the last four ribs of the right and left sides, a decided dif- 
ference could be detected in tbe manner of their expiratory excursions On 
the right side where the serratus posticus inferior was w'antmg, the last four 
ribs were approximated during expiration much in the same manner as the 
four fingers are drawn together In the interossei On the left side the last 
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rib and the three above it were drawn forcibly in an expiratory direction, and 
the approximation of the ribs during expiration was much less than on the 
right side The disordered movement of the lower right ribs in active expira- 
tion was analogous to the disorderly movement of the upper ribs during 
mspiiation when the scaleni were eliminated In the middle and uppe’- parts 
of the thorax it is not possible with the thorax intact to produce an isolated 
function of the intercostal muscles during expiration on account of the tri- 
angularis steini, which in the dog is a strong muscle that is a continuation of 
the transverse abdominis 

To conclude the experiment, the diaphragm was freely opened and artificial 
respiration was continued a short time by compressing the oxj'gen bag that 
was put in communication with the tracheal cannula Bji- inserting the hand m 
the thorax the triangularis sterni could be felt to contract strongly during 
expiration The sternal ends of the ribs and the costal cartilages were by its 
action vigorously drawn m an expiratory direction, but during inspiration the 
muscle was relaxed While the thorax was intact, the last four ribs on both 
sides moved cephalad in inspiration and the intercostal spaces were widened 

With these experiments it seems clear how the integrative actions 
of the mtercostals during inspiration are made to seive alternately for 
inflation and deflation of the lungs Duiing mspiiation the scaleni 
and serrati postici, superior, supply the necessary cephalad anchoiage 
for the entire length of the thorax , and in active expiration when the 
abdominal muscles are eliminated, the caudad anchorage for the bottom 
libs IS supplied by the serratus posticus inferior, and the caudad traction 
for the entire cuirass is supplied by the triangularis sterni Until the 
triangulaiis sterni and those parts of the ribs to which it is attached 
were palpated during active expiratory efforts, the important function 
played by this sheet of muscle was greatly underestimated 

By these studies the conviction is gamed that, in the orderly, inte- 
grated function of the scaleni and the intrinsic muscles of the thorax, 
we have a well ordered action that suggests the pi ogress of a peristaltic 
wave, such as prevails along the gullet, where the action remains the 
same but the result is deglutition or vomiting as the gradient is caudad 
or cephalad In the case of the intercostal muscles, their action is the 
same in inspiration and expiration, just as Vesahus said neaily four 
hundred years ago, but they aid expansion or constriction of the thorax 
according to the gradient, which is determined for inspiration by syn- 
chronous activation of the scaleni and serratus posticus superior and 
foi expiiation by the seriatus posticus inferior, triangularis steini. and 
abdominal muscles 

By this statement it is not intended to convey the idea that succes- 
sion 111 the action of the intercostal muscles has been proved In fact, 
my own experiments directed toward investigation of this question have 
thus far indicated that m inspiration all the mtercostals are sinchron- 
ously activated 
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WITH ESPECIAL REFERENCE TO THE EFFECT OF POSTURE 
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For controlling a contemplated experimental research on orthopnea 
we found it necessary to establish some standards for normal vital 
capacity in healthy persons m both the sitting and the lying position In 
the literature many observations were found on the vital capacity under 
almost every other conceivable experimental condition, but although 
the statment is frequently made that a normal person can breathe more 
when sitting erect than when lecumbent, we discovered no attempt to 
estimate the percental differences due to posture Experimental inves- 
tigation doubtless began with the work of John Hutchinson,’- who 
gives data to show that the vital capacity is smaller in the supine 
position than in the erect A few observations were made by us on 
indniduals about the laboratory, and the results were found to vary 
considerably, that is, some could after a maximum inspiration expire 
as much lying as sitting, a few could expire more, and the majority 
were not able to do nearly so well lying as sitting As these observa- 
tions seemed to refute partially at least the idea that the vital capacity 
IS always smaller in the lying position, it was decided to check the whole 
subject on a large series of normal people 

The investigation, entered into along the lines just desciibed, 
widened into an inquiry as to the best basis for comparison m the 
estimation of vital capacity Our data show very clearly that body 
surface, as determined by the linear formula of Du Bois, is a far more 
accurate and constant index of comparison than is height or weight, oi 
certain measurements of the ^ olume of the chest as recently advocated 
b) Lundsgaard and Van Slyke = Our data also seem to bear out the 
ph} siological fact, well established by Stew^art ® and others, that in 
animals the w eight of the lungs bears a \ ery definite and constant ratio 
to the skin surface 


*rrom the Department of ^Medicine of the Western Reser\e Unnersih at 
Lakeside Hospital 

1 Hutchinson, J Med Chir Tr 29 137^ 

2 Lundsgaard and Van Sljke J Exper ;^I 27 65, 1918 

3 Stewart, G N Am J Plnsiol (In press) 
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We weie able to make obseivalions on 290 normal people — 144 
women and 146 men The women weie all healthy nurses, who had 
had a lecent physical examination, and whose ages vaiied from 20 
to 30 yeais The men weie practically all medical students, also langmg 
m age fiom 20 to 30 years, they had had a recent physical examination, 
and we were sure that they were normal We were working with an 
intelligent lot, and we feel certain that the end result was the maximum 
eftort m each case When there was any doubt m our minds as to 
the accuracy of any determination, it was not included in our totals 

TABLE 1 — Malfs Groupi d According to WriGHT in Kilogr\ms 


Vital Capncity Difference Be- No not Failing 


WYiglit m 
Kilos 

Number 

studied 

^ —.-A- 

Sitting, C c 

Lying C c 

^ tveen Sitting Percentage 
and Lying, C e Difference 

W itlnn -f or — 
10% of \\ erage 

55 to 65 

49 

4,272 

4,017 

255 5 9 

13 

G j to 75 

61 

4,661 

4,440 

221 4 7 

17 

75 to 85 

26 

4,974 

4,674 

300 GO 

5 

85 to 95 

10 

5,379 

5,109 

270 5 0 

v 

Tot ll 

146 

Average difleicnce 

5 5 

12 01 28% 


TABLE 2 — Mali s Grouffd According to Hfight in CrNTuiiTiRS 




Vital Capacity 

Difiercnce Be- 


No not 1' nliing 

Height in 

Number 

t 

1 ^ 

tveen Sitting Percentage 

WTtbin -f 01 — 

Centimeters 

Studied 

Sitting, C e 

Lying, C c 

and Lying, C e 

Difference 

10% of Ivcrnge 

150 to 160 

2 

3,721 

3,590 

131 

36 

0 

160 to 170 

37 

4,197 

3,903 

284 

50 

11 

170 to 180 

82 

4,641 

4,411 

230 

4 9 

21 

180 to 190 

25 

5,366 

5,070 

290 

5 0 

8 

Tot ll 

146 

Aveiage dilTeicncc 


4 9 

40 01 27% 


TABLE 3 — Malts Groupld According to Bod\ SuRr\ci 


Vital Capacity Difference Be- No not Falling 


Body Surface 
in Sq Meters 

Number 

Studied 

! 

Sitting, C e 

Lying, C c 

^ tvecn Sitting ; 
and Lying, C c 

Percentage 

Difference 

Within -f or — 
10% of Ai erage 

1 6 to 1 7 

16 

4,008 

3,808 

200 

50 

0 

17 to 18 

46 

4,303 

4,102 

201 

46 

3 

1 8 to 1 9 

46 

4,609 

6,150 

4,363 

4,858 

246 

63 

0 

1 9 to 2 0 

27 

292 

56 

5 

2 0 to 2 1 

12 

5,565 

5,250 

315 

5 7 

3 

Total 

146 

Aveiage difference 


52 

23 01 167o 


METHOD or STUDY 

With an oidinary spirometer three estimations weie made on each 
individual m the sitting position and three in the lying position The 
largest amount which an individual expired sitting or lying, out of 
three attempts made in each position, was the figure which we used in 
computing our totals All of the subjects w^ere dressed in ordinary 
clothing, and no deductions w^ere made m recording weights and there 
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\\as nothing taken from the height because ot shoes It is quite 
probable that some of the estimations m the case of the nurses were 
influenced by the fact that corsets were not removed 

Di§-erences Due to Postiue — It will be seen from the tables that, 
when the vital capacities of all these 290 normal persons are averaged, 
there is for all groups approximately 5 5 per cent less vital capacity 
in the recumbent position than in the upright Some few breathed 
somewhat better lying, and some were able to expire about as much 
lying as sitting, but it is certain that about 80 per cent ot people breathe 
somewhere near 6 5 oi 7 per cent less in a reclining position, and the 
remaining 20 per cent breathe either more or about the same 

TABLE 4 — Fem\les Grouped According to Weight in Kilograms 




Vital Capacita 

Difference Be 


No not Balling 

n eight in 

Nutnher 

^ —A- 


tween Sitting Percentage 

Within + or — 

Kilos 

Studied 

Sitting, C c 

Lying, 0 c 

and Lying, 0 c 

Difference 

10% of Average 

45 to 5") 

48 

2 908 

2,729 

179 

61 

17 

35 to 65 

68 

3 146 

2,945 

201 

6 3 

20 

65 to 75 

21 

3132 

2 9-23 

209 

66 

9 

75 to 85 

7 

3,356 

2,871 

483 

14 4 

2 

otal 

144 

Atcr ige difterence 


83 

48 or 33% 


TABLE S — Elm \Lrs Grouped According to Height in Centimeters 


Vital Capacity tiiflerence Be- No not Balling 


Height in 
Centimeters 

Number , ^ 

Studied Sitting, C c 

Lying, 0 c 

, tween Sitting Percentage 
and Lying, 0 c Difference 

Within + or — 
10% of Av crage 

150 to 160 

29 2,945 

2,714 

131 4 4 

9 

100 to 170 

98 3 066 

2,884 

182 6 9 

26 

170 to ISO 

17 3,506 

3,256 

250 6 9 

i 

Total 

144 Average difference 

54 

42 or 29% 


TABLE 6 — Females Grouped According to Body Surface 


Vital Capacitj HifCercnce Be 


Boch Surface 
in Sci Meters 

Number 

Studied 

, ^ 

Sitting, C c 

, tween Sitting Percentage 

Lying, C e and Lj ing, 0 c Difference 

1 4 to 1 5 

11 

2 688 

2 520 

168 

62 

15 to 16 

45 

2 939 

2,804 

2 926 

135 

4 6 

16 to 17 

54 

3108 

172 

55 

1 7 to 1 8 

21 

3 246 

3 046 

200 

61 

1 8 to 1 9 

15 

3 400 

3,148 

252 

7 4 

Total 

144 

Average difference 


59 


No not Balling 
Within -t- or — 
lOVoof Average 
3 
7 
9 
6 
1 

26 or 18% 


We attempted to discoier Avhether differences in types of chest 
nould account for these variations between lying and sitting, but the 
only thing vhich seemed to point to some different response was in 
the case of vomen of the rather obese type The obese women some- 
times breathed as much as 20^ per cent less lying than sitting This 
IS quite noticeable in Table 4,\in which it wall be seen that females 
weighing from 75 to 85 kilos dyeriged 14 4 per cent less in the lying 
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position We had no men in oui series who weie comparable to these 
females Except for this disparity between the sitting and the lying 
position of fleshy females, it was found that, when vital capacity was 
taken m the two positions, all types of chest seemed to respond to the 
experimental conditions m much the same fashion 

Comparison with Height and Weight — As to whethei weight or 
height IS the better index of comparison for the vital capacity was 
debated by John Hutchinson prior to 1846 He made observations on 
the vital capacity of 2,130 persons, all of whom were normal except 
sixty These observations were made on people from all walks of life 
It was his opinion that comparison of the vital capacity with the height 
of the individual was the most satisfactory method Howevei, 
Hutchinson as well as subsequent observers noted that the vital capacity 
m people of the same height varied tremendously, although it was 
noted by all that it was much moie constant when compared with the 
height than with the weight 

Our data readily bear out the contention of John Hutchinson and 
subsequent workers that vital capacities of persons of the same weight 
vary widely (Tables 2 and 5) In the females there were 33 pei cent 
who did not fall within plus or minus 10 per cent of the average when 
compared by weight, and there were 28 per cent of the males who 
varied rather widely fiom their average Our figures also agree with 
those of John Hutchinson m showing that a comparison of the vital 
capacity with the height is more accurate than with the weight 
However, 27 per cent of the females and 28 per cent of the males 
when so compared missed the average by more than plus or minus 10 
per cent This error is more apparent than real, when comparison 
IS made with height, for m those who missed the average of their 
respective groups, the variations were not great, while m the comparison 
by weight, many missed their group by hopeless differences 

Comparison with Chest Measw ements — Recently Lundsgaard and 
Van Slyke have contended that chests measured accoiding to certain 
formulas and found to agree m size would moie nearly have the same 
vital capacity than would the chest of persons of the same height 
However, Peabody ^ has denied this contention of Lundsgaard and Van 
Slyke Peabody’s investigations show that persons of the same height 
have more nearly the same vital capacity 

Coinpaiison with Body Sin face — Our data clearly demonstrate 
that it is not height or weight or chest measurements but body surface 
that is by far the most constant and exact standard for comparison 
Dreyer ^ recently published data which seem to support this contention, 

4 Peabody, F W Oxford Med 1 399 

5 Dreyer, G Lancet 2 227 1919 
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but the number of observations which he made is small The data 
which West® accumulated on a comparison of vital capacity in noimal 
individuals with the body surface agrees quite closely with our figures 
In our observations (Tables 3 and 6) it will be seen that when the 
comparison is made with the body surface as estimated by the “linear 
formula” of Du Bois, only 18 per cent of the females and 16 per cent 
of the males missed the aveiage for then lespective group by plus or 
minus 10 per cent Furthermore, there were scarcely any of either the 
women or the men who missed by more than 15 per cent In addition 
It should be noted that most of those who did miss their respective 
group were the extremes m body surface — that is, those who had the 
smallest or those who had the greatest For if we take the group of 
females whose body sui face is from 1 5 to 17 square meters, which 
represents the size of approximately 80 per cent of tlie women in our 
senes, then we find that only 16 per cent missed their respective 
gioup averages by plus or minus 10 per cent In the case of the males, 
It will be seen that approximately two thirds fall in the two groups 
whose body surface is from 17 to 18 and from 1 8 to 19 square 
meters, and there were slightly fewer than 10 per cent of these who 
missed their average by more than plus oi minus 10 per cent 

The males m this group seemed to be distinctly more constant in 
the grouping of their vital capacity by body surface than were the 
females This may be in part due to the fact that the females were 
not required to remove their corsets 

It will be seen from Tables 3 and 6 that in the case of females the 
vital capacity goes up about 175 c c with each increase of 0 1 square 
meter in body surface, while in the case of males the vital capacity 
advances about 350 c c for each gam of 0 1 square meter Therefore, 
to get the normal total vital capacity of a woman of the age included 
in our group, it is only necessary to remember that a body surface of 
from 1 4 to 15 square meters indicates a vital capacity of 2,700 c c , 
and that for each increase in body surface of 0 1 square meter, 175 c c 
must be added In tbe case of a male, with a body surface of from 
1 6 to 17, the average vital capacity is 4,000 c c For each increase 
in body surface of 0 1 square meter, add 350 c c , which will give the 
approximate average for each group 

Then, from our series the advantage of reckoning the vital capacity 
from the body surface is apparent There are, perhaps, few 
clinical methods of precision which do not have a greater range of 
error than plus or minus 15 per cent After all, for comparative 
purposes one vants the lower range of normal, and while 16 per 
cent of the males and 18 per cent of the females missed their 

6 West, Howard F Arch Int Med 25 306 (March) 1920 
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lespeclive average, only about half of those who missed the average 
of their respective group were below, and these are aftei all the on\y 
important ones to consider So that, in reality, for compaiison 
puiposes only 8 per cent of males and 9 pei cent of females missed 
their respective grouping by body suiface by moie than minus 10 
per cent 

CONCLUSIONS 

1 After computing the averages of all estimations on 290 noimal 
men and women, we found that theie was 5 5 pei cent less Mtal 
capacity m the lying than in the sitting position 

2 We noted also that about 80 pei cent of all inidviduals breathed 
6 01 7 per cent less when lying, and that 20 pei cent, breathed about 
the same or moie We noted no difference in chest confoimation to 
account foi the‘-e variations The only thing we did note which 
seemed to point to a different lesponse fiom certain types of chest 
was in the case of obese women In eveiy instance the fleshy female 
bieathed about 15 pei cent less lying than sitting 

3 According to our observations, individuals of the same se\ 
and body weight have very great diffeiences m their vital capacity, 
individuals of the same ‘ex and height have more neaily the same 
vital capacity, while individuals of the same sex and body suiface 
are surprisingly alike in their vital capacity It was found that onh 
about 8 per cent of all males and about 9 pei cent of all females, 
when grouped according to body suiface, missed their respective giotij) 
average by more than minus 10 per cent 

4 Fiom our totals we may conclude that a female fiom 20 to 30 
years of age, with a body surface of from 1 4 to 15 squaie meters, 
has a vital capacity of 2,700 c c , and foi each gain of 0 1 square metei 
in body surface the vital capacity goes up about 175 c c A male from 
20 to 30 years of age, with a body surface of from 1 6 to 17 square 
meters, has a vital capacity of about 4,000 cc, and with each gam of 
01 square meter the vital capacity goes up 350 cc Fiom these data 
we can conclude that a normal male between the ages of 20 and 30 
has a vital capacity of 2 5 liters per square meter of body surface, 
and that a normal female between 20 and 30 has a vital capacity of 2 
liters per square meter of body surface 



THE CAPILLARY BLOOD PRESSURE IN ARTERIAL 

HYPERTENSION * 
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NEW YORK 

Although the anatomy and physiology of the capillaries have been 
of interest to physiologists for many years and have been the subject 
of many investigations, their importance m the dynamics of the normal 
circulation and in the study of pathologic states is just beginning to 
be appreciated The studies of Krogh ^ and Richards ^ on the response 
of the capillaries to the functional needs of the tissues, those of Dale ® 
and Cannon ^ on the importance of the capillary mechanism in shock , 
the researches of Weiss'" and his co-workers on the morphology of 
the capillaries and the character of the capillary flow m disease , and the 
studies of Kyhn ® and Danzer and Hooker on the capillary blood 
pressure have within the last few years pointed out how essential a 
knowledge of the capillary function is to the clinician m his study of 
disease The concept that the cardiovascular system is primarily adapted 
to maintain the blood flow in the capillaries, where the exchange of 
gases, food elements and waste between the tissues and the blood takes 
place, is a very fundamental one and one that cannot be overemphasized 
It must further be recalled that the capillaries themselves play an active 
pait in the maintenance of an adequate blood supply to the tissues, 
that they exhibit contractility and dilatabihty m response to nervous 
and metabolic stimuli and so assist m regulating the blood flow according 
to the needs of the tissues ® 


*From the Medical Division of the Montefiore Hospital for Chronic Diseases 

1 Krogh, A The Supply of Oxygen of the Tissues and the Regulation 
of the Capillarj Circulation, J Physiol 52 457 (May) 1919, Studies on the 
Capillanomotor Mechanism I The Reaction to Stimuli and the Innervation 
of the Blood Vessels in the Tongue of the Frog, J Physiol 53 399 (May) 1920 

2 Richards, A N Kidney Function, Am J M Sc 163 1 1922 

3 Dale, H H Capillary Poisons and Shock, Bull Johns Hopkins Hosp 
31 257, 1920 

4 Cannon, W B A Consideration of the Nature of Wound Shock, J A 
M A 70 611 (March 2) 1918 

5 Weiss E and Dieter, W Die Stromung in den Kapillaren und ihre 
Beriehung zur Gefassfunktion Zentralbl f Herz S. Gefasskrankheiten 12 295, 
1920 

6 Kjhn, E Studien uber das Verbalten des Kapillardruckes, insbesondere 
bei arteriellen Blutdrucksteigerungen Zentralbl f inn Med 41 368, 1920 

7 Danzer, C S , and Hooker, D R Determination of the Capillary Blood 
Pressure in Man with the Microcapillary Tonometer, Am J Physiol 52 136 
(Ma^) 1920 

8 Hooker D R E\idence of Functional Actnitv on the Part of the 
Capillaries and Venules Phjsiol Re% 1 HZ (Jan) 1921 
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In this study we have been particularly interested in the role which 
the capillaries play in the maintenance of the peripheral resistance to 
the blood stream^ and consequently m the etiology of hypertensive states 
The problem of hypertension and its relationship to kidney disease 
still remains unsolved m spite of innumerable searching studies that 
have been made Opinion has veered from the extreme view that 
hypertension is always a result of kidney disease to the opposite extieme 
that all kidney disease is secondary to hypertension Both schools still 
have their advocates From the maze of facts and theoiies that ha\e 
sui rounded the subject, one thesis may be granted as established — 
that the syndrome of hyperpiesia or essential hypertension may exist 
without aii}^ evidence of nephritis Whether “nephritic hypertension” 
IS a late stage of this or quite a different syndrome is unknown 
Blood pressuie studies have been singularly unilluminating in clearing 
up the mattei We have learned to appreciate that brachial blood 
pressure readings are veiy variable and that in many instances they 
depend on the degree of contraction of the arterioles That the capil- 
laries themselves may be concerned in the maintenance of this pressure 
was first brought out forcibly by Dale and Cannon, who showed that 
a paralytic dilatation of the capillaries may cause a great fall m blood 
pressure, even when the arterioles are contracted The reverse side of 
the pictuie, namely, that the capillaries may themselves be a factor in 
the maintenance of high arterial pressures, is suggested by some of 
the studies of Kylin and of Weiss 

Kyhn,^’ using an instrument something like Danzer and Hooker’s, 
has made some very interesting observations on the capillary blood 
pressuie m hypertension and nephritis His observations are open to 
question because he used the cessation of the capillary blood flow as 
the criterion by which he measured the capillary pressure and also 
because his figures for normal readings are uniformly low — about 10 
mm Hg In glomerular nephritis he found the capillar)'- pressure 
abnormally high in 100 cases investigated, but m benign nephrosclerosis 
with hypertension it was always normal He studied twenty scailet 
fever comalescents daily and found in some a marked increase in capil- 
lary pressure In thiee of these patients a typical glomerular nephritis 
developed with albumin, casts and red cells in the urine a few da}s 
after the capillaiy piessure had risen The nephritis set in when the 
capillaiy pressure had reached about 23 mm of mercury The highest 
capillary pressure obtained ranged from 40 to 55 mm of mercur) In 
a moie recent article,® written in English, he summarizes the result‘d of 

9 Kylm, E Brief Notes on H\pertonia and Kidney Disease A.cta Med 
Scandin 55 368, 1921 
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his studies as follows There are two types of hypertension The 
nephrosclerotic h}pertension is an arterial, the glomerulonephritic, a 
capillary hypertension In the first form the brachial blood pressure 
IS much more labile than in the latter The hypertension is not the 
result of the kidney disease, but the glomerulonephritis is a manifesta- 
tion of a diffuse capillary injury caused by the toxins of certain acute 
infectious diseases Some of Weiss’^® observations seem to confirm 
these views He noted an increase in the number and a change in the 
appearance of the capillaries of the nail-bed in acute, as well as in 
chronic nephritis They were longer and more convoluted than noi mal 
These observations were confirmed by Thaller and Draga but dis- 
puted by Schur 

With these studies in mind we studied a series of patients with 
hypertension m the wards of the Montefiore Hospital 

\Yc employed the nncrocapillary tonometer desciibed by Danzei 
and Hooker ' for our determination of the capillary blood pressure 
It IS the most satisfactory instrument that has been devised for this 
purpose In principle it resembles the instrument which Roy and 
Brown deiised in their studies on the capillaiies of the frog 
Lombard’s observation that the human capillaries could be visualized 
bv observing the skin through a microscope after a drop of oil or 
glycerin had been applied to it was the next step in the development 
of the technic Kraus followed this lead and studied the pressure 
of human capillaries, using a magnification of 10 diameters It 
I remained for Danzer and Hooker to develop a practical, convenient 
technic, and to introduce the principle that the cessation of the blood 
flow in the capillaries, rather than the disappearance of the capillaries 
marks the proper pressure at which the reading should be taken 

]0 Weiss E Beobachtiing und niicrophotographische Darstellung der Hairt- 
kapiilarcn am lebenden Mcnscben, Deutsch Arch f khn Med 119 Heft 1 and 
2 1916 

11 Weiss, E Das Verhalten der Hautkapillaren bei akuter Nephritis, 
Munchcn med Wcbnschr 63 925, 1916 

12 Thaller, L, and ^ Draga, E Zur diagnostischen Verw ertbarkeit der 
mikroskopischen Haiitkapillarenuntersuchung am lebenden ^Menschen Wien 
klin Woch 30 No 22, 1917 

13 Schur H Jlikroskopische Hautstudien am lebenden, Wien klin Woch 
32 1201 1919 

14 Ro^, C S, and Brown, J G The Blood Pressure and Its Variations 
in the ‘\rtenoles. Capillaries and Smaller Veins, J Ph 3 'siol 2 323, 1879 

15 Lombard W P The Blood Pressure in the Arterioles, Capillaries and 
Small Veins of the Human Skin, Am J Phjsiol 29 335, 1912 

16 Krauss Der Kapillardruck, Sammlung klin Vortrage Inn Med No 
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We follo^^ed the method of Danzer and Hooker, as outlined m their 
article All readings were taken uith the hand at heart le\el and the 
patient in a sitting posture, at a room temperature of 20-25 C After 
the first feAv observations, we did not scrub the skin of the finger before 
making our readings, for we found it unnecessary and did not wish 
to introduce a possible complicating factor Leonard Hill has 
questioned the accuracy of this method He states that the true measure 
of the blood pressure m the capillaries is that pressure which, when 
applied will momentaril}* check the flow of blood m the capillaries, and 
that the pressure wdiich wull completely check the flow’’ is equal to the 
pressure m the arterioles which supply the area compressed, because 
of the backing up of pressure m the occluded vessel This is undoubt- 
edly tiue However, w^e have followed Danzer and Hooker’s procedure 
of taking the reading as one does a blood pressure reading i e , noting 
the point at which the capillar}'- flow^ returns as the pressure wdnch has 
stopped the flow is released With the drop in pressure, the blood first 
flows sluggishly through the capillaries but suddenly quickens to a 
rapid stream This we ha\ e taken as the capillary pressure, and to this 
Hill’s objections do not apply Hill’s second objection is that with 
this method, the pressure factor dependent on the resistance of the 
skin to compression is not excluded As a matter of fact by a method 
of his own he obtains \ery low' readings for capillary pressures from 
2 to 5 cm of water Our observations seem to indicate that the 
resistance of the tissues does not appreciably modify the reading \\*e 
ha^e examined man}* patients wdio exhibited marked atiophy of the 
skin in the area studied, as well as man} whose skin was normal and 
others with quite a horny epidermis The leadings obtained did not 
^ary according to the condition of the skin Moreoier m se\eral 
patients with vasomotor disorders of the extremities we obtained a 
normal reading — about 20 mm mercury on one day and a \ery low 
reading — from 2 to 3 mm mercur} on another day The latter 
reading is so low as to practically exclude the resistance of the skin 
as a factor 

It IS well knowm that venous stasis will induce an ele\ation of the 
capillary pressure ^^’e were careful therefore to exclude this factor 
in the cases studied The observations detailed m the following table 
w'ere made on patients whose systolic pressure was 180 mm Hg or 
ovei selected at random m the wards of the jMontefiore Hospital For 
five of the cases we are indebted to the courtes} of Dr H T. \\ lener 
who permitted us to examine them m his IMetabohsm Dnision of the 
\'anderbilt Clinic 

IS Hill L The Capillar} Blood Pressure T Plusiol 54 1S20 ihid 

54 xciii 1921 Hill L and McQueen J :\[ The Measurement of the Capillar} 
Blood Pressure in ^lan Brit J Exper Path 2 1 1921 
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Danzei and Hookei deleiinined that the noimal tapillai} pic^suic 
ranged fiom 18 to 22 mm of meicuiy Tliey found that m ain 
indnidual most of the leadings on ddleient capillaiics vaiied fiom 0 to 
7 mm of meicuiy, although in many capillanes the ditleiencc was 
gieatei They, howevei, discaided the veiy high and tlie ACiy low' 
leadings and took as the capiUaiy blood piessuie the aveiage of those 
wdiich did not exceed this vai lability We, too, as is appaient fiom 

TABLE 2 — Showing nn Disiriuution oi tul Ri mhngs or C\rin \r\ 

Pri ssuki '■ 


Mm Mi'icmj 



t 




— 

Case 

1-10 

11-20 

51- '0 

31-10 

41-50 

Patients W'ltli Hjpertension 




1 



11 

*) 

1 

*> 



7 

fi 

“ 

s 




2 

4 

4 


(i 

1 

9 

3 

” 




13 

(i 

0 
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15 a 
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1 

1 

1 
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1 

7 
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14 
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15 

13 
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n 

5 
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50 a 


9 

7 

2 


20 b 



9 



22 
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2 

1 
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Patients Willi Noimal Blood 

Piessuie 
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7 

12 

1 

1 

55 


21 

20 



5 (. 



18 

1 


57 

3 

11 

9 

3 

1 

58 

11 





59 

1 

8 

4 



SO 

3 

11 

1 



SI 


3 




35 

0 

15 

5 

3 


33 

3 

12 

5 



34 



3 



35 



2 


1 


51 -GO 


01-70 71-SO tl-<i0 


1 

1 

7 


u 


* Coses in nliicli only von lew lemlings aio lecoidcil me ones in nliich all of flio 
cnmllnrics in llio inicioscopii field e\liibilcd a reappcaiaiuc of tlie blood Hon at (lu came 
inessurc Kmlv in fiie votk tlw luiiDbci of ciipHltirJcs obeened iicic not connlcd 

Table 1, encounteied wnde difleiences betw^een the piessuie leadings 
in difteient capillanes of the same individual This vaiiabihty is so 
constant in most cases that w'C feel it cannot be ignored It has long 
been knowm that theic is a gieat vaiiation in the degiee of filling of 
difleient capillanes and m the rate of then blood flow' Ro} .ind 
Biow'ii drew' attention to this in 1879 and many others have subsequently 
noted the same phenomenon It lemained for Kiogh to point out the 
lelationship of this vaiiabihty of flow' to the functional needs of tiie 
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tissues With the inconstancy of flow theie must be a corresponding 
fluctuation of the capillary pressure Thus the variations in the lead- 
ings which we observe are of real significance and should be recorded 
We deem it wisest to record all of the observations Because of the 
wide range of variability and the relatively small number of readings, 
an average would be deceptive It is possible that the degree of vari- 
ability of the readings m different individuals may have some clinical 
significance That it is not due to errors of measurements is shown by 
the fact that successive readings on one capillary taken at the same 
sitting are usually quite constant 

It has been suggested that high readings are due to the fact that 
the capillaries on which such pressures are observed are seated more 
deepl} m the tissues, or that some anatomic peculiarity is the determin- 
ing factor The following facts show that this does not usually obtain 
By careful focussing of the microcope one can show that the capillaries 
giving high readings are often superficial The size of the capillary 
beais no relationship to the pressure observed therein Moreover, if 
the same group of capillaries is kept under observation for a period of 
time, or is studied on different days, marked variations in their pressure 
are observed For instance, in Case 6 a group of four capillaries of 
\ar}ing shapes and sizes gave the following successive readings, the 
figures for all four capillaries at any one time being the same — 45, 
38, 52 Four days later the readings were 48, 49, 49, 55 On both 
dajs during the period of observation one of the four capillaries 
disappeared from view for several minutes at a time On such occasions 
we were able to make it reappear by raising the pressure to 90 oi 100 
and quickly releasing it several times in succession This acts, we 
believe, as a mechanical stimulus to the arterioles, capillaries and venules 
In another patient (Case 26) the following note was made 

While the pressure m most of the capillaries m the microscopic 
field nas 28, in one capillary there was but the slightest streaming of 
blood at 0 The pressure was raised to 90 and quickly released 
Thereupon the microscopic field became markedly hyperemic and the 
pressure m most of the capillaries was 25 In the capillary in which 
the reading had been 0, the pressure now was 12 

We think that at times unlike pressures in different groups of 
capillaries are due to the fact that the arterioles supplying the groups 
exhibit different pressures or degrees of contraction Case 25 may 
be cited as an example Obser\ations made on the fourth finger of 
the left hand passing from the left to the right side of the nail-bed, so 
that the first and last readings were made on capillaries separated b\ a 
distance of one centimeter, u ere as follows 

Left 8, 8 5, 10, 15, 20 Right 
and again Left 10, 10, 14, 15 5, 17, 20 Right 
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It IS clear from this discussion that the capillary pressiiie in the 
same and different vessels may vaiy from physiologic as well as from 
anatomic causes 

It IS difficult to draw any final conclusions from a study of the 
tables The cases fall into two groups — ^those with high capillary 
piessure and those with a low or noimal capillaiy pressure It is 
impossible to classify the patients clinically Neither the histoiy, the 
physical examination, nor the study of kidney function reveals am 
differential features Similar urinary findings aie common to both 
gioups, in both we find low as well as noimal phenolsulphonephthalem 
excretion Theie is no diffeience in the pulse piessures m the two 
series While it is true that on the average patients with a high capil- 
lary pressuie exhibit a high diastolic blood pressure, theie are sufficient 
exceptions to this rule to invalidate any supposition of a causal relation- 
ship between the two 

On further reflection these apparently vicaiious figuies find some 
theoietical justification If Kyhn’s division of hypei tensive states 
IS a correct one, it may well be that those of oui patients who showed 
kidney involvement with a low capillaiy piessuie did not fall within 
the group exhibiting glomeiulonephiitis and geneial capillary disease 
As a matter of fact neciopsies in two of oui cases support this belief 
The following extracts from the autopsy protocols of Cases 11 and 19 
give no evidence of a diffuse glomeiulonephiitis 

REPORT OF NECROPSY FINDINGS 

Casp 11 — Right kidney weighs 120 gm , left, 80 gm Capsule markedh 
adherent Scattered large arteriosclerotic scars On section the corte\ vanes 
in thickness, striations irregular, vessels prominent 

Microscopic examination reveals scarring with thickening and obliteration 
of the vessels in the depressed aieas Slight fibiosis of the glomeruli with some 
thickening of Bowman’s capsule In the scarred areas the glomeruli are fibrosed 

There is marked arteriosclerosis of the aorta, of the cerebral and coronar} 
arteries In the posterior wall of the left ventricle there is a large w'hite scar 
There is a large c)’^stic area in the right occipitoparietal region, and a hemor- 
rhage in the left internal capsule 

Case 19 — Each kidnev weighs 50 gm The> are firmer than normal Capsule 
adherent, leaving on removal a finely granular surface The cut surface is pale 
and granular The cortex is from 2 to 3 mm in diameter Striations are 
absent Small vessels are prominent 

Microscopic examination shows a complete loss of normal architecture 
Marked sclerosis of the larger vessels Tubules are arranged in irregular 
groups and are dilated Their cells are low', cuboidal, and the lumen is filled 
with exudate There is a great deal of connectne tissue with round cell 
infiltration Most of the glomeruli ha^e undergone a fibrous or hyaline change 
A few still have a normal appearance, but e\en in these Bowman’s capsule 
is much thickened 

Diagnosis Primari contracted kidne\ 



54 


ARCHIVES OF IRIERNAL MEDICIRE 


When we recall that experienced clinicians have recognized the 
impossibility of diagnosing the anatomic lesion in the kidney from the 
dinical picture, particularly in chronic nephritis, we are m a position 
to understand why, in the cases we studied, we have been unable to 
predict which cases will exhibit a high capillary pressure as one of the 
manifestations of a glomerulonephritis If our postulates hold true, 
hov ever, and for confirmation we must await the postmortem exami- 
nations on appropriate cases, the estimation of the capillary pressure 
may prove an important aid in the differential diagnosis of glomerulo- 
nephritis, from other types of kidney disease It is not, however, of 
^alue m the differentiation of nephritic from essential hypertension 
Another question which remains unsolved is whether the capillary 
hypertension contributes to the general arterial hypertension, or whether 
it IS a concomitant phenomenon It is well known that when, m 
patients with hypertension, particularly, serial blood pressure readings 
are taken, the final reading will often be considerably lower than the 
first one Table 3 presents such a series of readings on the two 
groups of patients 

TABLE 3 


Higli 

C ipilHrj 
Pressure 
Case 2 


Blood Pressure in Mm Hg 

Length of 
Ohsen ation, 

Drop in Sjstolic 
Blood Piessure, 
Mm Hg 

34 

210/120 

230/110 

220/100 

206/300 

206/300 

5 

Case 3 

200/120 

204/120 

200/120 

202/120 

200/110 

10 

6 

Case 5 

230/140 

240/150 

228/125 

214/125 

212/122 

12 

38 

Low Capil 
l\r^ Pressure 
Case 7 

lSO/110 

184/106 

184/110 

180/110 

180/110 

10 

0 

case 12 

184/102 

1(6/ 96 

174/ 96 

180/ 94 

178/ 96 

12 

6 

Case 8 

10/ 8/21 

186/ 90 

174/ 90 

170/ SO 

168/ SO 

160/ 90 

10 

26 

10/10/21 

152/ 82 

100/ 90 

154/ 86 

158/ 88 

156/ 88 

10 

4 

12/ 1/21 

184/100 

ISO/ 90 

166/ 90 

170/ 96 

174/ 94 

10 

10 

12/ G/21 

174/ 96 

172/ 94 

170/ 90 

174/ 90 

172/ 90 

10 

2 


It IS apparent that the blood pressure is equally unstable in both 
groups Were the high capillary pressure a cause for the sustained 
hypertension, one might imagine that m such cases the blood pressure 
readings would be moie constant 

Furthermore, were the connection a close one, one wouM expect the 
blood pressure to Aar), pan passu, with the capillary pressure We 
have observed this only m Case 12, where readings taken on different 
da}S at different le^els of blood pressure revealed parallel changes in 
the capillary pressure We must dispute the statement of Secher 
that the capillar} pressure, as a rule, follows the blood pressure Fie 
cites one case in uhich wide fluctuations of the blood pressure were 
accompanied by parallel changes in the capillary pressure 


19 Secher K Kliniske Kapillaerunc!es0geIser, Ugeskrift f Laeger 83 899 
1921 
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The mechanism of a low capillary pressure is easily explained \ 
constiiction of any blood vessel will be followed by a ii'^e of pressinc 
central to the constriction, and by a fall of piessure peripheral theieto 
In hypertension, due to a contraction or a diminution of the lumen of 
the arterioles, the capillary pressure will be low Thus it would seem 
that m most of our cases of hypertension there is a narrowing of the 
arterioles A high capillary pressure will follow a dilatation of the 
arterioles or a constriction of the venules, or a high venous pressure 
due to stasis It is not clear how disease of the capillaries themsehc-. 
would lead to a high capillary pressuie, particularly when we recall 
that arteiiosclerosis of itself does not lead to a high arterial pressuie 
This is the weak point m Kylin’s theory It is conceivable that a 
lesion of the venous loop of the capillary might raise the piessuie 
in the aiterial loop, or that a stiffening of the endothelial tube due to 
disease might increase the pressure needed to check the blood flow 
in the capillaries 

That the appearance of the capillaries in our cases does not coi re- 
spond to the accepted normal is evident from the table We aie not 
ready, however, to subscribe to Weiss’ positive views as to the signili- 
cance of these morphologic changes We believe that the normal has 
not yet been sufficiently established We have observed in noimal 
individuals capillary pictures that correspond to descriptions of the 
capillaries characteristic of nephritis and arteriosclerosis In geneial, 
it may be said, however, that the capillaries when diseased behave as 
do the arteries They become long and, as a consequence, tortuous 
This may be due to an organic change in the capillary or it may be a-^ 
Lapinsky pointed out, due to loss of tone following injuiy to the 
nerve supplying the area m question 

CONCLUSIONS 

1 In patients with normal blood pressures the blood pressure in 
the capillaries of the fingers rarely exceeds 30 mm of meicury 

2 Patients with hypei tension fall within two groups that cannot 
be differentiated clinically In the fiist group the capillary pressure 
ranges between 21 and 70 mm of mercury, rarely highei and only 
very exceptionally lower Most of the readings fall between 30 and 60 
In the second group the capillary pressure falls within the range of 
normal, with a tendency to be low rathei than high 

3 It IS possible that patients who exhibit high capillarv pressures 
are suffering from a general capillary disease wuth a glomerulonephritis 
as one of the manifestations If this view is confirmed, the estimation 

20 LapinsU, M Studien uber die lokale Blut/irciilation im j3ercichc 
gelalimter Xerven, Arcb f Anat & Ph\siol (Phjsiol Alitlieil ) ^//, 1859 
Supplement 
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of the capillary pressure may prove an important aid in the differential 
diagnosis of glomerulonephritis from other forms of kidney disease 

4 In essential hypertension the capillary pressure is low 

5 In any given individual varying pressures are usually observed in 
different capillaries In patients with a normal capillary pressure the 
difference between the high and low readings is on the average 
18 mm Hg In patients with a high capillary pressure this difference 
IS on the average 36 6 mm Hg Thus the variability of the capillary 
pressure is greater in patients with high readings 

6 The variability of the capillaiy pressure depends on physiologic 
as well as on anatomic moments 

7 Mechanical stimulation of the capillaries will alter the blood 
flow, as Avell as the blood pressure within the capillaries 



AN ELECTROCARDIOGRAPHIC STUDY OF F1F1\ 
PATIENTS DURING OPERATION 

W G LENNOX, MD 

IM KING, CHINA 

R C GRAVES, MD, and S A LEVINL, MD 

nos r ON 

Foi a thoioiigh understanding of the action of the heart, it is 
iinpoitant that it be studied undei various conditions of stress Tins 
investigation was undertaken to determine whethei theie aie any 
abnoimalities in the mechanism of the heait beat, demonstiable In 
electi ocai diogi aphy, during the period of anesthetization and suigical 
operation 

Heaid and Stiauss^ leported a case of atrioventiiculai rh}thm 
detected electi ocardiographically in a patient still under ethei following 
an operation They state, 'hio other cases of nodal rhythm have been 
observed by us m a senes of twenty-one cases in which electi ocaidio- 
graphic lecoids have been taken during anesthesia ” Levine - reported 
cases of acute caidiac upsets occuirmg in association with suigical 
operations In two of his cases electrocai diographic tracings were made 
during attacks of paroxysmal auricular tachycaidia while the patients 
weie still undei ether These two leports were the only lefeiences tr* 
the subject found in the liteiature 

MATERIAL AND METHODS 

This papei coveis the study of fifty operations peifoimed on 
foity-eight individuals on the suigical service of the Peter J3ent 
Brigham Flospital dtiiing May and June, 1921 The cases weie selected 
to the extent that the widest possible variety of conditions of age, 
type of anesthesia, caidiac condition, operative piocedure, etc, ueie 
covered They represent the more serious of the usual opeiatue 
cases The total time during which patients were under observation 
was seventy-five hours During this period a total of 1,750 recoids 
were made Electrodes of the type described by Cohn ^ wei e applied 
and pieliminar}'' tracings made before the beginning of anesthesia B\ 

From the tncchcal and surgical clinics of the Peter Bent Brigham Hospital 

1 Heard, J D, and Strauss, A E An Electrocardiographic Stud} of Two 
Cases of Nodal Rhythm Exhibiting R-P Intervals, Am J M Sc 75 23S, 1918 

2 Levine, S A Acute Cardiac Upsets Occurring During or Follow mg 
Surgical Operations, J A M A 75 796 (Sept 18) 1920 

3 Cohn, A. E A New Electrode for Use m Clinical Electrocardiograph}, 
Arch Int Med 26 105 (July) 1920 
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means of an electric buzzer the anesthetist signaled to the electrocardio- 
graph operator the moment at which anesthesia and operation were 
begun and ended, and also indicated any critical stages in the operation 
or in the patient’s condition By this means, tracings and operative 
procedures were coi related Short records were made at intervals 
from the beginning of anesthesia until the time when the patient was 
leady to leave the operating table On the average a tracing was 
made e\ery two and one-half minutes Graphic lecords were obtained 
for about 3 per cent of the time the patients were on the tab’e The 
galvonometer string was watched for a much longer period than this, 
and any gross abnormality of rate oi rhythm, lasting more than a few 
minutes, would have been detected Most records ueie of Lead II, 
but occasionally, because of manipulations during operation in abdominal 
ca^es, it was i eces'-ary to use Lead I 

HEART RATES 

The rate of the heart during operation is a mattei of practical 
importance Operators usually rely on the pulse rate as furnished by 
the anesthetist In this study it was found that the heart rate, cal- 
culated from electrocardiographic tracings, in many instances was 
much higher than the count the anesthetist reported The highest 
heart rate in this series was 217 beats per minute, occurring during the 
etherization of a child The highest recorded pulse rate m this case 
uas 180 In seventeen cases, or 34 per cent , the heart rate was twenty 
or more beats per minute faster than the highest lecoided pulse rate 
In nine cases, or 18 pei cent , this discrepancy amounted to thiity oi 
more beats The most marked difference was m the case of a girl, 
who held hei breath during the early stages of etherization Her heart 
and pulse rates are showm in Figure 1 Discrepancies occurred with 
equal frequency under ether and gas-oxygen anesthesia In certain 
of these cases there may have been an actual pulse deficit In others 
the discrepanc} might be explained by the fact that the pulse rates 
taken at five minute intervals did not catch short uses m late shown 
by the more frequent electrocardiographic readings Again, the highest 
rates and the most marked discrepancies occurred usuall} during the 
induction of anesthesia, rvhen the pulse rate was taken b^ a nurse 
fiom the ward During the period of operation, a trained anesthetist 
took the readings, using the temporal artery 

These obser^atlons show that the anesthetist’s chait of pulse rate 
c.innot be taken in man\ instances, as a record of heart rate For those 
eases in wdiich it is important that the operators have accurate infor- 
mation, the rate should be obtained from the apex beat This is easily 
done b} strapping a stethoscope over the precordium, using tubing of 
vufficient length to reach the anesthetist Another accurate method. 




Fig 1 — Upper hne shows the heart rate as determined from electrocardio- 
grams , lower hne, the pulse rate as recorded bj' the anesthetist 



Fig 2— Case 7 Operation, fixation of uterus A Tracing taken t\\ent\-six 
minutes after beginning of operation , rate 104, rhythm normal B Taken four 
minutes later than \ , rate 164, paroxysmal tachycardia 



Fig 3— ^n instance of paroxxsmal taclncardia unsu^iected In the operat- 
ing staff 
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used in the head operations of this senes, is to count the pulsations 
in the brachial artery as heard in the auscultatory method of obtaining 
blood pressure records 

ABNORMALITIES OF RHYTHM 

Paioxysmal Tachycaidm — One patient, a woman, 80 }ears of age, 
showed this type of arrhythmia The electrocardiogram appears in 
Figure 2, and the heart and pulse rates in Figure 3 The first sharp 
rise in rate, from 120 to 167, occurred during the half minute or so 
required to change from one lead to another Without the electro- 
cardiograph, this abnormality would have gone unrecognized, for the 
anesthetist noted only a rise of pulse rate to 135 The fast rate was 
unaccompanied by any adverse change in the patient’s condition 

Pjemahiie Beats — In eleven cases, premature beats were recorded 
They were ventricular m origin in seven cases, and auricular m four 
It should be stated, however, that two of the eleven showed premature 
beats in the preliminary tracings and in another there was a clear past 
history of premature systoles One case which showed paroxysmal 
auricular tachycardia and premature beats on entrance to the hospital, 
ten days before operation, showed no abnormality during operation 
During the ten day interval he had been on digitalis The records 
of eight of the eleven cases showed only one or two premature beats 
In two cases, premature beats occurred for short periods as often as 
every third beat In none did the anesthetist note the irregularity The 
time relations of the premature beats to the operation are shown m 
the upper part of Figure 4 

Sinus An hyflwim — The occurrence of well marked sinus arrhyth- 
mia was noted in three cases 

DISTURBANCES IN CONDUCTION 

Delayed aunculoventricular conduction, with a lengthening of the 
P-R interval from 0 2 to 0 24 second, occurred in one patient during an 
operation for the ligation of a thyroid artery Krumbhaar ^ repoited 
forty-seren cases of toxic goiter in which tracings were taken before 
and after operation , two of these showed a delay in conduction time 
after operation In regard to disturbances in the branches of the con- 
duction apparatus, it is worthy of note that in our series, no case 
shor\ed a prolongation of the QRS interval One case showed a 
widened QRS complex (01 second) in the preliminary tracing, 
but It did not increase during the operation The patient died 
eight da}S later from bronchopneumonia and pulmonary embolism 

4 Krumbhaar E B Electrocardiographic Obser\ations m Toxic Goiter 
\ni J Sc 155 175 1918 
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There was no evidence of heart failure, but at the necropsy an area 
of fibrous myocarditis 1 X 2 cm m size was found in the wall of the 
left ventricle 


DISLOCATION OF THE PACEMAKER 

The chief interest of the study was found to he in the fre- 
quent displacement of the cardiac pacemaker, as evidenced by changes 
in the shape, direction and position of the P wave (auricular complex) 
Fifteen of the cases, or 30 per cent , showed some variation in the 
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Fig 4 — The chart illustrates the period during which premature beats and 
displacement of the pacemaker occurred The upper portion is for the ten cases 
which showed premature beats Each dot represents one such beat The louer 
portion IS for the eleven cases which showed marked abnormalities of the P 
waves They are grouped according to the anesthetic used In the ether group 
the letter C indicates those receiving ether by the Connell apparatus On the 
right the first column of figures gives the case number and the second 
column the percentage of records Avhich showed the abnormal rhythm The 
length of the black line is, in each case, a rough measure of the percentage 
of records which showed the abnormality 


P wave not present in the preliminaiy tracings In three of the cases 
the abnormality consisted only in a shortening of the P-R interval of 
0 04 second or more This shortening was not due to an increase in 
rate In one of the cases there was only a flattening of the P uaiCi 
Various explanations for such flattening have been discussed by V il- 
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son,'' e g, diminution m contractility of auricles, interference of tuo 
rhythms, changes m the path of the contraction wave over the auricles 
and changes m the location of the pacemaker In the remaining eleven 
cases the tracings showed more maiked variations of the auricular 



Fig 5 — Case 17 Operation, tonsillectomy Lead IT A. Normal tracing, 
rate 68 P-R interval 0 16 sec Taken at signal for first incision B Inverted 
P %\a\es, rate 94 P-R interval 012 sec Taken two minutes after A C 
\ormal tracing, rate 99 Taken one minute after B 



Fig 6— Case 21 Operation a\ulsion trigeminal ganglion A Lead III, 
normal tracing rate 121 P-R mterxal 016 sec B Lead III inverted P wa\es, 
P-R mter\al 012-016 sec rate 101 C Lead II normal tracing, rate 140 D 
Lead II P \\a^es greatly flattened, rate 107 Taken two minutes pre\ious to C 

complex, 1 e eitiier an absence of the wa\e, or an inverted P wave 
with diminished P-R interval, or even the P w^ave follownng the 
R wa^e, producing an R-P mter\al 


5 Wilson F X Three Cases Showing Changes in the Locatii^n of the 
Cardnc Pacemaker \<:sociated with Respiration, Arch Int ]\Ied 16 86 (Tulv) 
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Following the classification used by Wilson ° m reporting his cases 
of A-V rhythm which resulted from the injection of atropin, these 
eleven cases are divided into three groups 

1 Cases in Which the Wave Is Inveited and the P-R Intel z’al 
Reduced — Three of the patients showed this abnormality In Figure 5, 
three successive records are shown The first was taken on the signal 
denoting the beginning of operation (tonsillectomy), the second, which 
shows inverted P waves, two minutes later, and the last one minute 
after the second The rate of the heart in the middle (abnormal) 
record is intermediate between the rates of the other two Figure 6, 
from another case, is of interest in that it shows m one lead at one 
time an inverted "P,” and in another lead at another time a markedly 
flattened “P ” 

2 Cases in Which the “P’^ Wave Is Absent — Seven of the cases 
showed a disappearance of the P wave Examples from three of these 
are shown m Figures 7, 8 and 9 In Figures 7 and 8 there is in some 
of the cycles a slight irregularity of the auricular complex, suggesting 
an interference of two rhythms In some instances interpretation was 
difficult because of the artefacts produced by the operative procedures 
Figure 8 is of particular interest for its shows the onset of the abnormal 
rhythm Here the transition occurs abruptly, without preliminary 
shortening of the P-R interval, but with slight slowing of the rate In 
Figure 9 (C) a condition of auriculoventricular dissociation probably 
exists, the auricle responding to the sinoauricular node and the ventricle 
to the auriculoventricular node In two of the seven cases, m addition 
to records showing absent P waves, there are other records showing 
inverted P waves 

3 Cases m Which the ”P’^ Wave Is Inveited and There Is an R-P 
Interval — One case belonged to this group Figure 10 (B) shows the 
established abnormal rhythm with the heart responding to but one 
pacemaker Figure 11 from the same case shows the onset of abnormal 
rhythm, the P-R interval becoming shorter and shorter until the P wave 
IS lost m the R wave In this tracing, as in Figure 9 (C), there is a 
mixed rhythm, the heart responding to two pacemakers The transition 
IS accompamed by a slight decrease in rate The operation was the 
excision of a right cervical rib in a young woman The operator 
'ffieither saw nor touched the vagus nerve ” 

In addition to the above group of eleven cases, there was one 
patient whose tracings showed bigeminy and marked differences of the 
P wave m successive cycles As his control tracings, both before and 
after operation, showed the abnormality this case is not included in the 

6 Wilson, F N The Production of Atrioventricular Rhythm in Man After 
the Administration of Atropin, Arch Int Med 16 994 (Dec ) 191a 




Fig 7 — Case 25 Operation, excision tumor of cerebrum A Lead I, normal 
tracing , rate 93 B Lead I, absent P waves , rate 103 C Lead II, normal 
tracing, rate 108 Taken seven minutes after beginning of anesthesia D 
Lead II, P waves are in some cycles absent, m others the P-R interval is 
much diminished , rate 107 



Fig 8 — Case 31 Operation, cerebellar exploration Lead II Note disap- 
pearance of P waves with slight decrease in heart rate Figures indicate length 
of heart cvcles 



Fig 9 — Case 1 Operation, suprapubic prostatectomy Lead II A Normal 
tracing, rate 74 B Absent P ^va^es, rate 94 Taken three minutes after begin- 
ning of anesthesia C P-R inter\al diminished, P upright, rate 110 Taken 
three minutes after B 
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piecedmg gioup One of Ihe eleven cases showed a single recoid with 
imerled P wa^es inst befoie the beginning of anesthesia Aside fiom 
the constanth abnoimal case mentioned above, this is the only instance 
in the senes of fifty cases of a disturbance of the pacemakei occuning 
in ain of the contiol tiacings taken befoie and aftei operation In 
all cases the abnoiniahty had disappeaied befoie the patient left the 
opeiating table Recoids weie taken duiing convalescence of several 



Fig 10 — Case 22 Operation, excision cerncal rib Lead II A Normal 
tracing, rate 99 Taken at time of first incision B Inverted P waves, R-P 
interial of OOS sec rate 99 Taken one minute after A 



Fig 11 — Case 22 Lead II Onset of abnormal rhythm P is upright, the 
P-R inter\al progressively diminishing, with slight decrease in late Figures 
indicate length of heart cycles 


patients who had shown abnormality of P waves duiing opeiation All 
were found normal Two of the fift} cases showed auricular waves 
which were, in some of the tiacings, consideiably largei than the nor- 
mal P waves for those individuals 

Significant variations in the height of the R oi T waves, other than 
a transient inversion of a low T wave m one case, were not noted 

DISCUSSION OF CASES SHOWING A MARKED VARIATION 

IN THE P WAVES 

In the preceding section we have sought to present graphic lecords 
of abnormalities rather than their interpretation The question now 
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arises as to how many of these are examples of A-V (atrioventricular) 
rhythm A large proportion of such cases would not be inconsistent 
with expel imental findings Levine/ while taking electrocardiographic 
records of etherized cats, about every six minutes, found that in fourteen 
out of forty-seven experiments, tracings showed the presence of A-V 
rhythm In almost all instances the abnormal rhythm appeared after 
the etherization of the animal but before the beginning of the experi- 
ment (intravenous injection of strophanthin) 

There are difficulties, however, in the way of interpreting all these 
abnormal tracings in the present study as instances of A-V rhythm 
In the fiist place, there is in the literature a lack of unanimity m the 
definition of this condition Should the term be confined to those cases 
of pure A-V rhythm m which the heart is responding to but one 
pacemaker located m the A-V node, or should it include cases of mixed 
or double rhythm in which impulses arise from both the S-A (sino- 
auricular) and A-V nodes ^ There is a difference of opinion concerning 
the criteria by which A-V rhythm is to be diagnosed from electro- 
cardiographic tracings Some writers consider it essential that the 
P wave be inverted On the other hand, the statement appears in a 
recent paper that m A-V rhythm the P wave is frequently though by 
no means constantly inverted ® Carter and Wedd,® in reporting 
twelve cases of inverted P in Lead III, consider that a transient 
inversion of P means a displacement of the pacemaker 

Furthermore, in those cases showing P waves, it is a point of issue 
as to how much shortening of the P-R interval there must be in order 
to prove that the impulse arises in the A-V node rather than in the 
auricular tissues adjacent to it Theoretically, there should be a 
shortemng in the P-R interval of at least 003 second, the time con- 
sumed by the impulse in passing from the S-A to the A-V nodes 
Confusing factors may, however, enter in Thus, in the presence of 
vagal stimulation depressing A-V conduction, there may be, coincident 
with the descent of the pacemaker, a lengthening of the P-R time 

In the tracings in which the P wave does not appear and is buried 
in the Q R S (ventricular) complex, it is not always clear whether 

7 Levine, S A The Action of Strophanthin on the Living Cat’s Heart, 
J Exper ]M 29 493, 1919 

8 Barker, L F , and Richardson, H B An Unusual Combination of Cardiac 
Arrhjthmia of Atrial Origin Occurring m a Patient with Focal Infection and 
Thyroid Adenomata, Arch Int Med 23 158 (Feb ) 1919 

9 Carter, E P , and Wedd, A M Observations on the Occurrence of 
inverted and Diphasic P Waves in Lead HI of the Human Electrocardiogram, 
Arch Int kled 23 16 ( Jan ) 1919 

10 Lewis T The Mechanism and Graphic Representation of the Heart 
Beat, New York, Paul B Hoeber, 1920, p 189 j, 

11 White, P D Clinical Observations on Unusual Mechanisms of the 
Auricular Pacemaker, Arch Int Med 25 423 (March) 1920 
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the unseen V is uitnglU oi inveited Again, an appaienlly absent P 
wa\e ni.i} mean ihal it has become so gically flallencd in that particular 
lead as to be isoelocliic, though it might appeal as a distinct wave in 
anothci lead y\nothci possibility when the atiiiculai complex is 
absent is standstill of the auiicle, dcsciibed by White 

A fuilhci considciation is llic lead in which the abnoimalily appeals, 
foi invci‘sion of P m Lead III is not so significant as inversion in 
Lead II In tiacings made on 700 cases, mostly caidiacs, GoddauU® 
found iinci<;ion of P m Lead 111 seventy-five times and in Leads I 
and II only clc\cn times Paikci and Richaidson,® on the othci hand, 
among 400 lecoids found but one showing invciled P weaves In the 
c!e\cn cases of \aiiation of P w'avcs in this study, all but two showed 
the abnoimahty in Lead II 

Because the distuibanccs in tins senes wcie tiansient and the 
patients weic being operated upon, thcie w'as no oppoitunity for 
cxpciimcntation on the eflccts of aliopin, vagal piessuic, etc We 
did not have, as did Wilson in his icpoit of A-V ihythm occttirmg 
aftei the injection of atiopin, the benefit of simultaneous venous 
tracings It would appeal ccilain, how'cvei, that all these cases lepie- 
«cnt various stages of the same pioccss, viz, a dislocation of the 
pacemakci (In the cases of auiiculaiventiiculai dissociation^* one 
might moie piopeily speak of a doubling of the pacemakers ) In most 
of the cases, possibly in all, the pacemakci, oi where theie aie two, one 
of the pacemakci s aiiscs in the A-V node Because we cannot be 
certain that all of these aic cases of A-V rhythm, we shall designate 
them siinpl} as the gioup showing a maiked dislocation of the 
pacemaker 

IILART RATES IN RELATION TO DISLOCAIION OF THE PACEMAKER 

Dislocation of the pacemakci is explained on the theoiy either that 
the latc of the S-A node falls below that of the A-V node, m which 
case the lattci becomes the paccmakei, oi that the A-V node is 
stimulated to a rate above that of the S-A node In eithei instance 
the rates dining noimal and abnoimal ihythm might diffei The 
heart latcs foi cases shownng dislocation of the paccmakei weie 
charted and found to fall into thiee classes Four cases showed a 
slower late dining the abnoimal ihythm The heart late of one of 

12 White, P D Annculai Slamlslill, an Unusual Effect of Digitalis on 
the Heart with Special Reference to the Electiocardiograph, Boston M & S 
I 175 233, 1916 

13 Goddard, C H Changes in the P Wave of the Human Electrocardio- 
gram, Arch Int Med 16 133 (July) 1915 

14 While, P D Ventricular Escape with Obseivations on Cases Showing 
Ventricular Rate Greater than that of the Auricles Arch Int Med 18 244 
(Aug) 1916 
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these IS illustrated m Figure 12 A Here after the beginning of 
operation, whenever the heart rate fell to 125 or below there was an 
absence of P waves m the electrocardiographic record In one instance, 
the heart rate was faster during the period of abnormal rhythm 
(Fig 12 B) In SIX of the cases, the rate bore no relation to rhythm 
This group IS illustrated (Fig 13) by the case which showed on R-P 
interval As seen in the chart, the rhythm changed on three occasions 
without a change in rate 



Fig 12 — A Note the slower rate which occurs with the displacement of the 
pacemaker B Note the faster heart rate which occurs with the displacement 
of the pacemaker 


FACTORS IN PRODUCTION OF ABNORMALITIES 
In discussing the cause of the abnormalities noted, it is necessary 
to consider various factors Twenty-four (48 per cent ) of the cases 
show some disturbance of the heart beat not present in the preliminary 
tracings Eleven of these are classified as showing displacement of 
the pacemaker (some shoiv other changes as well) , thirteen as showing 
other abnormalities The number of cases is too small and the factors 
concerned are too numerous to permit definite conclusions The follow - 
mg anal}ses must therefore be regarded simply as interesting 
observations 

Sex — T went} -three of the persons operated on w^ere males, and 
twent}-fiie w'ere females Sex bore no relation to the incidence of 
abnormalit} 
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Aqc — The age of patients varied fioni 2 to 84 yeais Twenty-six 
weie nndei 40 while twentj-two \\eie o\ei 40 yeais The incidence 
of abnonnaht) foi those nndei 40 was neaily the same as for those 
ovei that age 

CmdiovaKcnlm Syiuptom <; — A histoiy of seiioiis infection (scarlet 
fe\ei, ihenmatic fc\ei. choiea, tonsillitis, pneumonia, etc) was not 
more common in those 3ielding abnoimal tracings than m the normal 
grou]) A histor} of caidiac symptoms (dyspnea, edema, etc) was, 
on the other hand, of some impoitance Only 11 per cent of those 
vith normal tracings gaAe a stoiy of caidiac distuibances, whereas 41 
pel cent of those with abnoimal tiacings icpoited such difficulties 
Ca)dwc Lesions — Only foui of the foit} -eight peisons show^ed 
definite signs of caidiac disease hy loutine physical examination Two 



Fig 13 — Note that a change of rluthm occuis in thicc instances without a 
change of rate 

of these (one a case of mitral stenosis and the othei of chionic 
myocaiditis) show^ed abnoimal preliminary tiacings and the othei two 
(one a case of initial leguigitation and the othei of scleiotic aoitic 
vahes) show^ed some abnoimahty dining opeiation In only one case 
did the condition of the heait cause serious debate as to the advisability 
of operation This wms a woman with a peimanent auriculai fibrillation 
and mitral stenosis who had had lepeated attacks of gallstone cohe 
She was thoioughly digitalized so that on the morning of operation 
there was no pulse deficit In oidei to deteimine whether a pulse deficit 
occuired dining opeiation, the anesthetist signaled the tunes at which 
she counted the pulse, and simultaneously electiocaidiogiaphic records 
wei e made Dm mg the period of induction of anesthesia the auricular 
impulses bioke through the digitalis block and the heart rate jumped 
to 150, while the pulse late did not exceed 100 In this instance there 
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was without doubt a real pulse deficit During the period of actual 
opeiation, however, there was no deficit Cholecystectomy was per- 
formed without any difficulty and the patient left the hospital in 
satisfactory condition 

Blood Piesswe — With due consideration to the age of the patients, 
five of forty-five patients had high blood pressuies, and nine had 
pressures which seemed to be low Abnormality of blood pressure in 
this series bore no relation to abnoimality of the heart mechanism 

Position Dill mg Operation — Normal records were obtained more 
frequently in those patients who were placed flat on the table than in 
those in other positions It is probable, however, that othei factors 
were operative in these cases 

Piehmmaiy Medication — ^Thirty-seven of the patients received 
preliminary morphin (usually 0 01 gm ) and atropin (0 0005 gm ) 
Seven received morphin only and six had no preliminary medication 
Wilson ® has shown that for from eight to fifteen minutes following the 
injection of 1 mg atropin, vagal stimulation produced an A-V rhythm 
in the majority of his twenty cases The abnormal rhythm could not be 
produced after twenty minutes had elapsed In this senes the atropin 
would not be expected to cause A-V rhythm, for the dose was only 
one half that used by Wilson and at least thirty minutes intervened 
befoie the beginning of the observations Of the thirty-seven cases 
receiving atropin, six (16 per cent) showed a disturbance of the 
pacemaker, of the thirteen cases not receiving atropin, five (38 per 
cent ) showed this change The preliminary atropin would seem to 
diminish rather than increase the chances of inducing the abnormal 
rhythm Concerning morphin, Cohn^® has shown in dogs that the 
action of the drug is similar to vagus stimulation In our forty-four 
cases receiving moiphin, however, eight patients had distuibances of 
the pacemaker, while of the six not receiving it, three showed these 
changes The observations are too few to warrant any conclusions 
as to the role that morphin may play in the production of abnormalities 

Lack of Oxygen — The work of Greene and Gilbert suggests that 
anoxemia may be a factor m pioducing A-V rhythm, for, of their 
twenty-one soldiers who breathed air having a low oxygen tension, six 
showed this disturbance In none of our cases was there any apparent 
lack of oxygen, although the loutine anesthetization in the operating 
room did not provide any accurate data on this point 

Type of Anesthesia — All of the anesthesias were given by one of 
a staff of three trained anesthetists Twenty of the patients received 

15 Cohn, A E The Effect of Morphin on the Mechanism of the Dog’s 
Heart After Remo\aI of One Vague Nerve, J Exper M 18 715, 1913 

16 Greene, C W , and Gilbert, N C Studies on the Responses of the 
Circulation to Low Ox\gcn Tensions, Arch Int Med 27 517 (April) 1921 



LEW' ox ET AL— ELECTROCARDIOGRAPHIC STUDY 71 

elhei, thnteen by the open drop method and seven thiough an intra- 
phai} ngeal tube, using the Connell appaiatus Twenty-two had nitrous 
oxid and ox}gen, and eight had local anesthesia (procain) The 
abnoimal rhythm occuiied m seven (35 pei cent ) of the cases receiving 
ether, in thiee (14 pei cent) of those leceivmg gas-oxygen and m 
one (12 per cent ) of those who had piocain It was piesent in but 
15 per cent of the cases in which ethei was given by the diop method 
but occuned in 70 pei cent (^^^e out of seven) of the cases in which 
ethei ^^as gnen b} means of a nasal tube introduced into the phaiynx 
Consideiing all foims of distuibances of the heait mechanism, 
abnoimahties were not moie common with one kind of anesthesia than 
with another 

Length of Anesfhesm and Opciation — The longest period of 
anesthesia vas three houis and fi\e minutes and the shortest twenty- 
two minutes, the aveiage being eighty-five minutes Abnoimahties 
were moie frequent in the longei piocedures than m the shorter ones 

Type of Opciaiion — The distiibution of opeiative fields was as 
follows head, six, throat and neck, seven, chest, one, intia-abdominal, 
nineteen, extraperitoneal, eleven, extremities, six The chief differ- 
ences were noted betw^een operations involving the head and neck and 
those on other paits of the body Of the foimei, 70 per cent showed 
some Upe of abnoimaht}'- in the electrocardiogiaph record, while of the 
latter 40 pei cent weie abnormal The fact that head opeiations were 
longer than those of othei types does not account for this greater 
incidence of abnormalities, because abnoimahties occuiied m almost 
ever) case during the early part of the operation A disturbance of 
the pacemakei was present in 46 per cent of the thirteen operations 
involving the legioii above the clavicles, and m only 13 per cent of 
all othei operations In several instances abnormality seemed to follow 
critical steps in the opeiative procedure, but m the great majority of 
cases no such relationship w^as evident 

Fi cquency of Reeoi ds — In five of the eleven cases of disturbance 
of the pacemaker, the abnormality appeared m one oi two records only 
It is possible, therefoie, that other cases presented abnormalities of 
which records wmie not obtained For all those cases showing 
abnormality, the interval of time between lecords is the same as for 
those showmig no abnormality 

Time of Occur) ence — Figuie 4 presents the time relations for cases 
showing prematuie beats (upper part) and disturbances of the pace- 
maker (lower part) In every instance except one the abnormal 
rhythm appeared during either the induction of anesthesia or the first 
third of the opeiation This points to factors other than fatigue as 
a cause of this abnoimality 
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In reviewing the evidence in this study it seems that the incidence 
of a displacement of the pacemaker is greater in patients having head 
and neck operation, intrapharyngeal anesthesia, or when preliminary 
atropm is omitted It is possible that vagal stimulation is m some way 
concerned m these procedures The production of premature beats 
does not seem to be clearly related to any of the factors considered 
None of the cases showing abnormal electrocardiograms gave clinical 
evidence during operation of an embarrassed circulation Though 
abnormality in the mechanism of the heart beat occurred with surpris- 
ing frequency these periods were transient and of physiological rather 
than clinical significance 

SUMMARY 

An electrocardiographic study of fifty cases was made during 
anesthesia and surgical operation 

1 In many cases the electrocardiographic tracings revealed a heart 
rate considerably faster than the pulse rate recorded by the anesthetist 

2 About one half of the cases showed some abnormality of the 
mechanism of the heart beat, not present in preliminary tracings, the 
most prominent being paroxysmal auricular tachycardia, premature 
beats, and marked displacement of the cardiac pacemaker 

3 Various factors which might contribute to the production of the 
abnormalities named are analyzed Only those which might possibly be 
concerned with alterations m vagal tone, seem to be of importance 

4 The observed abnormalities of the heart beat were transient and 
unassociated with clinical signs of embarrassed circulation In the 
mam, they were of physiological rather than of clinical significance 

We wish to thank Dr Harvey Cushing and his associates, as well as the staff 
of the operating room, for their generous cooperation in this stud\ 

17 A table giving detail of cases appears in authors’ reprints 



STUDIES ON THE PHYSIOLOGY OF THE LIVER 

IT THH EFFECT OF THE REMOVAL OF THE LIVER ON THE 

FLOOD SUG \R LEVEL 

FRANK C MA.NN. 1^1 D , and THOMAS BYRD MAGATH, MD 

ROCHESTER, MINN 

In prei lous articles,^ a method was described for the total removal 
of the Inei fiom the dog, and a biief summary was made of the data 
obtained from a senes of studies on the completely hepatectomized 
animal The present repoit deals moie in detail with one phase of our 
experiments , namely, the eftect of hejxitectomy on the sugar con- 
centration of the blood 

j\Icfhod fo) Total Removal of the Livct of the Dog — Since the 
method of remo\al of the liver has been fully described,’^ only a 
brief description uill be gnen The liver is removed in two stages 
All opeiations aie performed under ether anesthesia with aseptic 
surgical technic 

The fiist operation consists of a reverse Eck fistula, that is, lateral 
anastomosis of the portal vein and the vena cava and ligation of the 
latter on the cephalic side of the stoma At first a considerable portion 
of the blood fiom the posterior portion of the body passes through 
the liter, but since the capillaries of the liver offer more lesistance 
to the flow of blood than is necessary for the development of collateral 
circulation through the azygos and internal mammary veins, most of 
the blood soon passes by way of the latter channels 

The second operation consists in the ligation of the portal vein 
at Its entrance into the liver This causes all the blood from the 
viscera and hind legs to return by way of the collateral vessels, the 
azygos, and the internal mammary veins If, as sometimes occurs, 
collateral lessels fail to develop sufficiently, as is recognized by con- 
gestion of the intestines after ligation of the portal vein, the occlusion 
of the portal \ein is carried out in two stages In such case the 
ligature is removed from the vein which is partially occluded by passing 

* From the Division of Experimental Surgery and Pathology, The Mayo 
Foundation and the Section on Clinical Laboratories, Mayo Clinic 

1 Alann, F C Studies in the Plwsiology of the Liver I Technic and 
General Effects of Removal, Am J M Sc 161 37, 1921 Also Am J Physiol 
55 285, 1921 

Alann, F C , and Magath, T B II The Liver as a Regulator of the Glucose 
Concentration of the Blood, Am J Physiol 55 285, 1921 III The Nitrogen 
Constituents of the Blood Following Removal of the Liver, Am J Physiol 
55 286, 1921 

Mann, F C, and Alagath, T B The Effect of Total Removal of the 

Liver, Tr Sect Path & Plwsiol A M A, 1921, p 29 
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a blood \essel suture through the center and ligating one side At a 
later operation the portal circulation is entirely occluded The third 
operation consists of removing the entire liver This is accomplished 
without disturbing the general circulation 

Symptoms Following Total Removal of the Livei of the Dog — 
The clinical course of events is very definite and varies but slightly 
in different animals Recovery from anesthesia and from the immediate 
effects of the operation is rapid One hour after operation, the 
animal usually appears almost normal, ^ and remains so from three to 
eight hours During this period the animal is to all appearances 
normal, it walks around, responds to call, exhibits the usual interest 
in other dogs, and drinks water 

The onset of the moribund period is usually sudden and the sub- 
sequent development of various symptoms typical and rapid The first 
symptom noted is muscular weakness The animal cannot hold itself 
erect, or avoid swaging when walking, and prefers to he down The 
muscular weakness develops quickly and in a short time the animal 
IS unable to move any of its muscles, except those necessaiy for 
respiration Coincident with this development of muscular weakness 
is a decrease and subsequent loss of reflexes Usually, within an 
hour after evidence of muscular weakness is first noted, the animal 
lies quietly breathing, with muscles flaccid and relaxed This period 
of flaccidity may be short, but in a few animals it has lasted for 
several hours After a variable period, usually not more than one 
hour, there is a rather sudden return and exaggeration of the reflexes 
Muscular twitchings develop, at first involving separate muscles or 
small groups of muscles, then general convulsions occur in one of which 
the animal dies In typical experiments the animal vomits a few 
seconds before death 

The symptoms and the order of their occurrence are muscular 
weakness, loss of reflexes, flaccidity, return and exaggeration of 
reflexes, muscular twitchings, and convulsions The development of 
these symptoms is extraordinarily constant The average animal, if 
untreated after hepatectomy, dies within two hours after the appear- 
ance of the first signs of muscular weakness 

The blood pressure seems to be practically normal while the animal 
IS active When the first symptom de-velops, the blood pressure 
decreases but does not necessarily fall to a low level The pulse usually 
becomes practically tmce as rapid as normal Just before death the 
rate may become slower than normal The heart continues to beat 

2 In order to express the difference between the hepatectomized animal 
■when not showing symptoms and at the stage just preceding death, “normal” 
and “moribund” have been employed “Normal” means that the animal appears 
to be normal , “moribund,” that the animal appears to be dying 
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for a long time aflei bieathing has ceased The respuation undergoes 
certain changes following opeiation, vaiymg with the condition of the 
animal Often the animal is m coma, and Cheyne-Stokes type of 
respiration is noted The tempeiature usually continues noimal until 
the animal becomes flaccid, although just previous to the development 
of musculai weakness, it ma}’- rise one degiee highei than it was before 
operation It may become subnoimal before death Some of the 
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Fig 1 — ^Diagram illustrating the steps in the technic of the removal of the 
liver At the first operation the portal vein and vena cava are anastomosed 
along the dotted line and the first ligature is placed At the second operation, 
after the collateral circulation has been established, the second ligature is 
placed At the third operation the liver and the portion of the vena cava 
between the ligature and diaphragm are removed 


animals secrete practically a normal amount of urine before they 
develop symptoms, but others are anuric throughout the postoperative 
period 

Previous Observations on the Symptoms Ocewnng After Removal 
of the Liver — Some of the symptoms noted after exclusion or removal 
of the liver have been observed by previous investigators who particu- 
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larly noted the convulsions and coma Minowski ® observed these 
symptoms m some of his geese after extirpation of the liver Katisch ^ 
particularly emphasized the occurience of convulsions in his study 
of hepatectomized geese Hahn, Maassen, Nencki and Pawlow ® noted 
musculai twitchmgs, convulsions, and coma in dogs in which Eck 
fistulas had been made and the hepatic artery ligated Doyon, Gautier 
and Pohcard ® record the development of typical convulsions in frogs 
following removal of the liver Whipple and Hooper ' observed 
muscular twitchmgs in dogs with Eck fistulas and ligation of the 
hepatic artery Matthews and Millei ® report that animals m which 
the hepatic artery was ligated some weeks after the making of an 
Eck fistula became comatose from eight to twelve hours after the 
ligation 

The study most comparable to ours was made by Perroncito,” 
who removed the liver with little disturbance of the circulation, and 
the animals developed the characteristic symptoms of hepatic insuf- 
ficiency His description of the symptoms corresponds quite closely 
to our own 

The failure of previous investigators to observe the production of 
a definite group of symptoms may be owing to several causes In most 
investigations the experiments were performed in order to obtain 
definite data with regard to a particular fact concerning the liver, 
practically all the experiments were complicated by marked deiangement 
of the circulation or by an anesthetic or narcotic so that symptoms 
could not be observed 

In a large number of studies on hepatectomized animals the most 
pronounced and constant phenomenon which attracted our attention 
was a progressive, invariable decrease in the sugar content of the blood 

Pievions Woik on the Effect on Blood Sugai of Removal of the 
Live) — The first experiments on the effect of exclusion of the liver 

3 Almkowski O Beitrage zur Pathologic der Leber auf den Stoffwechsel 
III Ueber den Einfluss der Leberexstirpation auf den Stoffivechsel, Arch f 
exper Path u Phannakol 21 41, 1886 

4 Kausch W Der Zuckerverhrauch im Diabetes Melhtus des Vogels nach 
Pankreasexstirpation Arch f exper Path u Pharmakol 39 219, 1897 

5 Hahn, M , Massen, O , Nencki, M , and Pawlow, J Die Eck’she Fistel 
zuischen der unteren Hohlvene und der Pfortader und ihre Folgen fur den 
Organismus Arch f exper Path u Pharmakol 32 161, 1893 

6 Dojon, M , Gautier, C, and Pohcard, A Lesions ren^les determinees 
chez la grenouille par I’ablation du foie Rappel aux textes Compt rend 
Soc de biol 64 271, 1908 

7 Whipple, G H , and Hooper, C W Icterus A Rapid Change of Hemo- 
Globulin to Bile Pigment in the Circulation Outside the Liver, J Exper M 17 
612, 1913 

8 klatthew s, S A and kliller EM A Stud 3 ’’ of the Effect of Changes in 
the Circulation of the Liver on Nitrogen Metabolism, J Biol Chem 15 87, 1913 

9 Perroncito A. Sulla estirpazione del fegato, Riforma med 36 830, 1920 
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on blood sngai seem to hn\ e been made b)^ Bock and Hoftman They 
excluded the luei fiom labbits by ligating the abdominal aoita, portal 
\ein, and infenoi ^ena cava between the entiance of the renal and 
the hepatic ^elns Specimens of blood w^eie obtained from the heait by 
passing an obtmatoi thiough the infeiioi vena cava Animals thus 
operated on lived fiom tw^o to hft} minutes The blood sugar deci eased, 
and no ‘^ugai could be found in the blood of animals living- as lono- as 
fort}-foui minutes These expeiiments have been se\erely ciiticized 
b\ subsequent woikeis because the cn dilation is so greatly damaged 
by the piocedure 

IMinowski." in his classical leseaich on the eftect of lemoval of the 
Iner in geese, noted a deciease in blood sugai Seegen “ excluded 
the Inei in dogs b} ligation of the aoita and \ena cava above the 



Fig 2 — Side of the abdominal ^\all of animal showing the dilated veins of 
the skin which follow the operatue procedures necessary to prepare the ani- 
mal for total removal of the liver In many animals these veins do not dilate 
but the entire collateral circulation is de\ eloped through the great azygos vein 

diaphragm The animals lived from tw^enty to seventy minutes A 
marked reduction in the blood siigai w'as obseived Schenck ligated 
the base of the livei, probably obstructing both the portal Aein and the 
vena cava A deciease in blood sugai was noted Kaufmami lepeated 

10 Bock, C , and Hoffman, F A Experimental Studien uber Diabetes 
Berlin, H E Olivcn, 1874 

11 Seegen, T Die Zuckerbildung im Thierkarper, ihr Umfang und ihre 
Bedeutung, Berlin, A Hirschw^ald, 1890 

12 Schenck, F Ueber den Zuckergehalt des Blutes nach Blutentziehung, 
Arch f d ges Physiol 57 553, 1894 

13 Kaufmann, M Nouvelles recherches sur la pathogenic du diabete pan- 
creatique Compt rend Acad d Sc 118 656, 1894, De I’nfluence exercee par 
la suppression partielle ou totale de la fonction hepatique sur la glycemie chez 
les animaux normaux et diabetiques, Arch de phj'^siol norm et path 8 151, 1896 
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Seegen’s experiments, that is, he ligated the aorta and inferior vena 
cava above the diaphragm in dogs and observed a rapid diminution 
of sug:ar in the blood His animals lived for about one hour Kausch ^ 
repeated Minkowski's work on geese and corroborated the latter’s find- 
ings with regard to a decrease in blood sugar after removal of the 
liver Macleod and Pearce restricted the circulation in dogs to the 
anterior portion of the body and obtained a rapid reduction in blood 
sugar 

Pavy and Siau performed experiments on cats and dogs In the 
former, all the viscera were removed except the liver, in the latter 
the liver and the other organs also were removed The blood sugar 
progressively diopped, but was never wholly depleted 



Fig 3 — The blood sugar was estimated before operation O Liver removed 
S Animal moribund D Blood of two animals taken at the time of death 
All the animals were kept as nearly as possible, under the same conditions 
Note the marked decrease and the rather constant level at which the animals 
became moribund The average curves of blood sugar were taken from this 
group 

Investigations of the eftect of the removal or exclusion of the liver 
on blood sugar, therefore, show that a reduction of blood sugar was 
obtained in each instance Most investigators have attributed little sig- 
nificance to this fact The liver was not surgically removed from any of 
the animals except the goose The different methods of exclusion entailed 
a ^ery great alteration in the circulation and, except in those experi- 
ments in which the circulation Avas restricted to the anterior part of 
the body, a great loss of blood must have occurred from congestion 

14 Macleod, J J R, and Pearce, R G The Sugar 'Consumption in Normal 
and Diabetic (depancreated) Dogs After Evisceration, Am T Phvsiol 32 
184, 1913 

15 Pavy, F W, and Siau, R L The Influence of Ablation of the Liver 
on the Sugar Contents of the Blood, J Physiol 29 375, 1903 
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The method of expei imentation and length of life after operation, with 
the exception of expei iments with geese, piecliided any correlation 
between tlie i eduction of blood sugar and the development of symptoms 

Methods of Blood Sugm Estimation — A specimen of blood for 
estimation of blood sugar ^^as obtained from the jugular vein before 
operation The Iner was removed undei ethei anesthesia and steiile 
technic In most experiments anothei specimen of blood for the 
estimation of blood sugar was taken immediately after operation and 
then at hourl} intervals until the animal was moribund In a few 
experiments only two blood sugar estimations were made, one just 
before operation and the other when the animal became moribund 

The blood sugar concentration was estimated by the Benedict^® 
modification of the Lewis-Benedict method Our collaborators, who 
made most of the estimations, had had an enormous experience with 
this method in the clinical laboratory, the recoids of which could be 
used as controls of our estimations Moreo\er, it w^as early foreseen 
that it would be necessary to make a very large number of blood sugar 
estimations, and this method w^as preferred for quantity work After 
the investigation w'as well under w^ay, parallel estimations were lun 
b} two other methods, that of Folin and Wu and Maclean’s modi- 
fication of Bang’s method, each of wdnch was very difficult to employ 
m estimating low^ concentrations of blood sugar Hitherto, most studies 
ill blood sugar have dealt wuth normal or high values, our investiga- 
tion dealt mainly wuth subnormal and very low’’ values For these 

reasons the Benedict modification of the Lewus-Benedict method was 

« 

most satisfactor}'- 

It IS recognized that there may be substances other than glucose 
m the blood capable of reducing picric acid or copper sulphate It is 
possible that in our determinations the results have included some 
of these substances How^ever, this m no wise invalidates our general 
results for m each instance the same condition resulted in the same 
rises and falls and, as wall be showm, the evidence is overwhelming 
in substantiating the statement that glucose only ^vas being determined 

All the w’-ork has been controlled caiefully The operative work and 
the taking of blood specimens was done m one laboratory by one group 
of w^orkers and blood sugar estimations w^ere made in another laboratory 
by anotlier group of w’-orkers The specimens of blood were imme- 
diately marked wath the animars number and the specimen number 

16 Benedict, SR A Modification of the Lewis-Benedict Method for the 
Determination of Sugar in the Blood, J Biol Chem 34 203, 1918 

17 Folin, O , and Wu, H A System of Blood Analysis Supplement I A 
Simplified and Improved Method for Determination of Sugar, J Biol Chem 
41 367, 1920 

18 Maclean, H, and de Wesselow, O L V The Estimation of Sugar 
Tolerance, Quart J M 14 103, 1921 
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and sent to the laboratory The worker who made the blood sugar 
estimations had no knowledge of the character of the experiment 
At the conclusion of the experiment the data from the two laboratories 
were correlated, thus completing the experiment 

In a few experiments estimations of the glycogen content of the 
muscles were made before and after removal of the liver , the method 
employed for the separation and estimation of the glycogen was that 
described by Pfluger 

The Effect of Environmental Factors on the Blood Sugar — The 
effect of the operative procedure for obtaining the specimen for blood 
sugar estimation has been repeatedly emphasized as a complicating 
factor in all experimental data on blood sugar It is undoubtedly 
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Fig 4 — ^The a\erage change in blood sugar noted in thirteen dogs follow- 
ing removal of the liver O Point at which the liver was removed S Point 
at which the animal became moribund 


true that such a procedure, or any procedure which may excite or 
frighten an animal, may cause a change in blood sugar In our expe- 
rience of several thousand blood sugar estimations on dogs, such a 


19 Pflviger, E Meine Methode der quantitativen Analyse des Glykogens 
und die Arteigenthumlichkeit der Substanzen des Thierleibes, Arch f d ges 
Physiol 129 362, 1909 

20 Pavy, F W An Enquiry Into the Effects on the Blood and Urine of 
the Intravenous and Subcutaneous Injection of Various Carbohydrates Stand- 
ing m Relation to Animal Life, J Physiol 24 479, 1899 

Scott, E L The Content of Sugar in Blood Under Common Labora- 
tory Conditions, Am I Physiol 34 271, 1914 

Shaffer, P A On the Normal Level of Blood Sugar of the Dog, J Biol 
Chem 19 297, 1914 

Boehm R and Hoffmann, F A Beitrage zur Kenntniss des Kohlen- 
hy dratstoffw echsels Arch f exper Path u Pharmakol 8 271, 1878 

Cannon, W B The Emergency Function of the Adrenal Medulla in Pam 
and the Major Emotions, Am J Physiol 33 356, 1914 



MANN-MAGATH— PHYSIOLOGY OF LIVER 


81 


complicating factor is of veiy slight significance in most experiments 
Our obser\ationb show that if blood sugar estimations made every 
quarter oi half hour, foi a peiiod of four to six hours, are plotted 
against the time, the lesulting graph is practically a straight line The 
eitect of eiiAironmental factors could only be of importance in experi- 
ments in which ^ery slight changes of a hypei glycemic character were 
being obser\ed In the senes of expeiiments reported in this paper, 
this factor was negligible because w'e w^ere studying hypoglycemia 
The Resulis on the Blood Sugm Level of Total Hepatectomy m 
the Dog — In our experiments a decrease m blood sugar has alw'-ays 
occurred after the total removal of the liver Of greater interest, 
howe\er, is the fact that the amount of blood sugar exactly paralleled 



Fig 5 — O Liver removed S Symptoms developed First curve shows 
decrease in blood sugar following removal of the liver Second curve shows 
parallel decrease in the muscle glycogen following removal of the liver 


the clinical condition The blood sugar m our animals before removal 
of the liver w^as usually slightly low^er than the average for normal 
dogs This IS to be attributed to the fact that the portal blood supply 
of the Iner had been deflected, as the average blood sugar of dogs with 
true Eck fistulas has also been slightly below^ the average for normal 
dogs The anesthesia and operative procedure of hepatectomy did not 
cause the hyperglycemia wdnch is usually noted after anesthesia and 
operative procedure on normal dogs The blood sugar concentration 
immediately after hepatectomy w^as the same or less than that preceding 
operation, and very rarely 0 01 per cent higher , it decreased during the 
period the animal appeared normal The level of blood sugar at which 
the first symptoms developed was usually quite definite and coordinate 
m the different animals In most of the dogs this was 0 05 per cent 
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In some instances tlie first symptoms were noted when the blood sugar 
was 0 06 per cent and often when it was 0 04 per cent The blood 
sugar decreased quite rapidly after the onset of convulsions and at the 
time of death was usually not m excess of 0 03 per cent This direct 
relationship of^ blood sugar and the development of symptoms and 
death was so constant that the blood sugar could be estimated correctly 
after an examination of the animal’s clinical condition when it showed 
symptoms 

The Effect of Hepatectomy on the Glycogen Content of the Muscles 
— In one carefully performed experiment a specimen of muscle was 



Fig 6—0 Liver removed R Animal appeared normal S First evi- 
dence of muscular weakness C Convulsions D Animal died 

excised at the same time the liver was removed When the animal 
became moribund, another specimen of muscle was taken An estima- 
tion of the glycogen content of these two specimens of muscle revealed 
that the glycogen had decreased about 50 per cent 

The Effect on Blood Sugar of Removal of the Live) of the Goose, 
Flog Fish, and Tuitle — In all of these species the portal vein may 
dram into the general venous system without passing through the liver, 
and the liver is not so intimately related to the vena cava as it is in 
mammals It is thus possible to remove the entire liver without 
obstructing the portal or vena cava circulation 
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We ha^e coiioboiated the findings of Minkowski and Kausch 
)\lio obtained a i eduction in blood siigai by lemoval of the liver from 
the goose The eftects of extiipation of the hvei in the goose differ 
slight!} fioin those obtained in the dog The symptoms are not so 
maiked and the blood sugai does not fall so low The length of life 
aftei opeiation vaiied fiom eight to twenty hours The main symptoms 
were muscular tiMtchings and convulsions 

The luei of the frog has been removed by othei investigators This 
species was of no value in oui pioblem because the level of blood 
sugai 111 the normal animal is so low In all the specimens of frog’s 
blood examined the normal value was fiom 003 to 004 per cent 
These obsenations were made on fasting frogs m captivity and the 
blood sugar might haic been higher than this immediately after the 
animal i\as captuied The length of life after opeiation vaiied greatly 
m this species Some fiogs died mthm eight houis after hepatectomy, 
although one Ined eight days A fiog might live noimally foi several 
da 3 S after total remo^al of the liver and then become flaccid and die 
AMthin half an lioui aftei the appeal ance of symptoms They did 
not de^ elop marked symptoms At death the blood sugai was too low 
to estimate 

The fishes studied (gai pike and dogfish) had a high blood sugar, 
remoial of the hvei caused a maiked decrease The eftect on the 
turtle, vhich normally also has a i datively high blood sugai value, 
was the same as on the fishes, namely a maiked decrease of blood 
sugar 

DISCUSSION 

Our data prove conclusively that (1) the total lemoval of the 
liver IS always followed immediately by piogiessive decrease m the 
sugar content of the blood, and (2) the development of the characteristic 
symptoms, which quickly led to death, exactly paralleled this decreas- 
ing blood sugar level Certain symptoms appeared when a definite 
blood sugar value was reached, others occuired when the level had 
decreased, and death occurred at a fairly constant point in relation 
to blood sugar These facts may be explained variously, but there are 
two mam possibilities The symptoms and death and the decreasing 
blood sugar may be dependent on some third unknown factor or factors, 
or, as IS piobably true, the blood sugar and symptoms may bear a 
relationship of cause and effect Concerning the first possibility we 
have no data and at present it must remain as a mere possibility It 
seems to tis that the exact relationship between the blood sugar level and 
the development of symptoms and death following hepatectomy is 
based on cause and effect The removal of the liver causes a decrease 


21 These two species will be discussed in a separate paper 
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in blood sugar and when a certain point is reached, characteristic 
symptoms develop , when a lower level is reached death occurs 

Why the blood sugar disappears after hepatectomy is another 
problem with two mam possible explanations Removal of the liver 
may allow some toxic substance in the blood to develop and combine, 
chemically or physically, with the glucose and this may be responsible 
tor the symptoms and death of the animal The truth of this is not 
supported by any evidence A more plausible explanation of the 
cause of the decrease in blood sugar is that hepatectomy removes either 
the control of the sugar supply or sugar utilization, and the symptoms 
and death are actually due to a lack of glucose as food Removal of 
the liver may produce a depletion in the carbohydrate material of the 
body either directly by removal of the store of carbohydrates and the 
place of its elaboration, or indirectly by removal of a substance which 
has to do with carbohydrate utilization The latter possibility might 
be brought about in one of two ways (1) either directly by controlling 
the rate of glucose metabolism, or (2) indirectly by controlling the rate 
of protein or fat metabolism 

SUMMARV 

There is a marked and progressive decrease in the blood sugar 
following total removal of the liver The glycogen content of the 
muscles also decreases Coincident with this decrease in blood sugar, 
a characteristic group of symptoms develop and progress until death 
occurs This effect of hepatectomy on blood sugar has been observed 
in markedly different species, namely, dog, goose, turtle, and fish 
In each species investigated, removal of the liver produced a marked 
decrease in blood sugar The relationship of the decrease m blood 
sugai and the development of the characteristic symptoms seems to be 
one of cause and effect 



THE ELIMINATION OF ARSENIC IN THE URINE 
OF SYPHILITIC PATIENTS AFTER INTRAVE- 
NOUS INJECTION OF ARSPHENAMIN 

CHARLES WEISS, PhD, and GEORGE W RAIZISS, PhD 

PHILADELPHIA 

Although the hteiature on arsphenamin has become extiemely 
\oluminous, yet there aie relatively few reports of work done on 
the important subject of arsenic elimination after intravenous injec- 
tion of this drug in uhicli the arsenic determinations have been made 
b) modern, accurate methods Moreover, the older literature from 
1910 to 1913 deals mostly with the intramuscular and subcutaneous 
methods of administration vhich are no longer in vogue today For 
this reason, it has been deemed advisable to reinvestigate this subject 
on a series of carefulh controlled patients with the use of moie recent 
and acceptable methods 

REVIEW OF THE LITERATURE 

The hteiature up to 1913 has been thoroughly reviewed by Ullman ^ 
We have gone over this literature and after thorough analysis, have 
decided to omit from this discussion the w’’ork of those authors " wdio 
used inadequate methods for the destruction of the oiganic matter of 
the urine or tissues or foi the quantitative detei mmation of arsenic 

Frenkel-PIeiden and E Navassart^ m 1913 published carefully 
obtained data on arsenic elimination after intravenous injections of 
arsphenamin They used the sulphuric and nitric acid method for 
destroying organic matter and the Marsh mirror method for estimating 
arsenic as metallic aisenic After a dose of 0 6 gm they detected m 
the urine during the first three days after injection 5 10, 1 40 and 
0 08 mg , respectively, of arsenic This gives 6 58 pei cent elimina- 
tion 111 three days During the next ten days small amounts, 0 15, 
0 80, 010, etc , to 0 07 mg w^ere detected In another patient wuth 
the same dose (0 6 gm ) only 1 6 pei cent w^as eliminated m the fiist 

*From the Dermatological Research Institute, Philadelphia (Investiga- 
tions aided bj' funds accruing from the preparation of arsphenamin ) 

1 Ullmann, K Elimination and Storage of Salvarsan After Injection 
Into the Human and Animal Body, Arch f Dermat u Syph 13 114, 511, 1912 

2 Abelin, J Beginning and Duration of Elimination of Salvarsan in the 
Urine After Injection, Ehrlich’s Abhandlungen uber Salvarsan 2 45, 1911 
Greven, K The Beginning and Duration of Elimination of Arsenic m the 
Urine After Treatment with Salvarsan, Ehrlich’s Abhandlungen uber Sal- 
varsan 1 56-58, 1911 

3 Frenkel-Heiden and Navassart, E Ueber das Schicksal des Salvarsans 
im menschlichen Korper. Ztschr f Exper Path u Therap 13 531, 1913 
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three days and somewhat larger quantities were eliminated during the 
succeeding ten days The figures beginning with the first day are 
1 8, 0 8, 02, 0 6, 0 2, 04, 01 mg arsenic, etc — down to unweighable 
traces from the seventeenth to the twentieth day With smaller doses 
(0 4 gm ) their figures were similar 5 6, 0 5, 1 1, 0 4, 0 1 mg , etc — to 
0 07 mg in one case and 0 5, 0 3, 0 7, 0 5, etc , to 0 1 mg m another 
case In the latter case the feces showed on the corresponding days 
4 6, 10 3, 7 3, 2 1, 1 0, 0 8, 0 9 and 0 5 mg arsenic, respectively The 
amount of arsenic eliminated in the feces was therefore almost eight 
times as great as that in the urine 

Ullman,^ who made many valuable contributions to the toxicology 
of arsphenamm, published a limited number of daily analyses on the 
urine and feces of patients receiving intravenous injections of arsphen- 
amim He used the hydrochloric acid potassium chlorate method for 
destroying organic matter and determined arsenic by the Marsh mir- 
ror method after converting it into a sulphide His own check analyses 
indicate that 26 per cent of the arsenic was lost in the process of 
destruction of organic matter In the urine of the fiist of his series 
of patients who received 0 4 gm arsphenamm intravenously, he 
detected during the first three days 3 9, 3 1 and 1 4 mg arsenic, 
respectively This is equivalent to a total of 7 per cent of the amount 
of arsenic administered With doses of 0 3 gm arsphenamm he found 
in one patient 4 6, 2 2 and 1 6 mg arsenic, respectively, during the 
first three days, and m another patient 8 2, 2 7, 0 3, 0 8 and 0 1 mg , 
respectively, during the first five days The percentages of elimina- 
tion during the first three days were 9 3 and 12 2 per cent , lespectively 

The work of Wiilcox and Webster,^ although very important from 
a toxicologic standpoint, unfortunately does not include daily analyses 
of the urines For this reason it is difficult to make comparisons We 
may say, nevertheless, that, in general, the quantities detected by them 
are not much different from ours In a study of the feces of one 
case they determined daily eliminations of 1 06, 1 90 and 1 29 mg 
arsenic, respectively, making a total of 4 25 mg arsenic during the 
first three days following intravenous injection of a 06 gm dose of 
arsphenamm 

Almost simultaneously, Lockemann ** published extensive analyses, 
using an improvement of the Marsh mirror method After an intra- 
venous injection of 0 38 gm arsphenamm (114 mg aisenic) the 
amounts eliminated during the first thirteen days were 1 86, 0 36, 0 27, 

4 Wilcox, W H and Webster, J The Toxicology of Salvarsan, Bnt 
M J 1 473, 1916 Webster, J The Analyst 41 231, 1916 

5 Lockemann, J Vergleichende Untersuchungen uber die Arsenaus- 
scheidung durch den menschlichen Harn nach Injektion verschiedener 
^rsenikalien, Biochem Ztschr 78 1, 1916 
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0 29. 0 IS. 0 03, 0 11. 0 07. 0 03. 0 05, 0 09. 0 02 and 0 04 mg, aisenic, 
respcclnel} This lepiesenls a total elimination of 2 98 pei cent 
arsenic oi 2 1 per cent dining the first three days Eight other cases 
injected iMth cither aisphenamin or neo-ai sphenamm in which analy- 
ses weie not made daily, showed somewhat laiger peicentages of 
elimination 

The most recent iiork is that of Bergman® He used the acid 
permanganate method of Lehmann for the destruction of organic mat- 
ter in the urine and an oiiginal distillation and lodimetric method for 
determining aisemc His paper is lathei unique m that he studied 
the elimination of aisemc aftei minute doses of neo-ai sphenamm, 
from 24 to 96 mg, and representing fiom 4 82 to 19 30 mg metallic 
arsenic He injected the diug both m a menstiuum of the patients’ own 
serums and in ph} siological solution of sodium chloiid 

In a senes of thiee patients, using the smallest of these doses m 
menstruum of the patient’s serums, he obtained the following peicent- 
agc of elimination during the first three days following injection 
45 2.' and 45 2 per cent respective!)'' ^^hth the largest of the doses 
the corresponding percentages Aiere 18 7, 121, and 19 6 When the 
drug vas dissohed in pin siological solution of sodium chlorid and 
injected into three othei patients m similai doses, the peicentages of 
elimination n ere 70 0, 39 8 and 53 with the smallest, and 48 0, 44 0 
and 52 nith the laigest of the doses, lespectively Beigmann’s ivoik 
IS intended to show that theie is more rapid elimination, and, theie- 
fore, less storage nhen the drug is dissolved in saline, lathei than in 
the patients’ own serum He lecommends the lattei method on the 
ground that theie aie fewer clinical ‘Reactions’’ observed It would 
seem to us that Bergmann has not studied a sufficient number of 
patients to vairant his conclusions Moieovei, when ivorking with 
such minute amounts of arsenic, the eirors m estimation and hence 
in calculation of percentages become very large 

METHODS OF investigation 

The present study was conducted on thiee cases of tertiaiy syphilis 
with optic atrophy The patients weie kept in a ward on a hospital 
diet and their water intake was controlled Chemical studies of the 
blood which weie made simultaneously have been lepoited m a sepa- 
rate communication by Weiss and Corson® The injections of 0 6 

6 Bergmann, H The Retention and Elimination of Arsenic After the 
Administration of Salvarsan in Serum and Aqueous Solutions, Biochem 
Ztschr 90 348, 1918 

7 Data are given only for two days in which percentage eliminated is 24 9 
per cent 

8 Weiss, C , and Corson, A Chemical Studies of the Blood and Urine of 
Si^philitic Patients Under Arsphenamin Treatment, Arch Int Aled , 1921 
(m press) 
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gm doses of alkalized arsphenamin were always given at about 11 
a m before breakfast The drug was dissolved in about 120 c c of 
distilled water The urines were collected quantitatively for twenty- 
four hour periods, preserved with toluene and analyzed within two 
or three days 

Before selecting the methods of analysis, including the technic for 
destruction of organic matter in the urine and the quantitative deter- 
mination of minute amounts of arsenic, a comparative study was made 
by Messrs Gavron, Blatt and one of the authors of this Institute 
of several existing methods, including those of Fresenius and von Babo 
and the Marsh-Berzelius as described by Hawk ® and of the Scott 
and Bang methods A modification of the Green lodometnc micro- 
titration method was finally adopted A description of this technic as 
well as analytical figures with the various methods tested will be found 
in a separate report by Raiziss, Gavron and Blatt 

RESUME AND ANALYSIS OF RESULTS 

The details of the analyses, the intervals of injection and various 
notes concerning the patients are given in Tables 1 and 2 The dose 
was always 0 6 gm of alkalized arsphenamin administered intra- 
venously in 120 c c of distilled water, given fortnightly, weekly or 
semi-weekly, as described below 

Case 1— T M, male, aged 38 Optic atrophy (Table 1) Chancre ten 
3 ears ago Under continuous arsphenamin treatment during the past two and 
one-half years 

This patient showed normal values for blood urea, sugar and nonprotem- 
nitrogen before this study was begun The details of the subsequent changes 
in the blood will be found in a separate communication® Very small amounts 
of arsenic were found in the urine before injection, this patient having been 
under continuous treatment for many years The patient stated he alwaj’^s 
suffered mild reactions after injections After this dose of 0 6 gm, there was 
nausea and occasional vomiting which lasted until the next morning During 
the first, second and third days, the following amounts of arsenic were found 
in the daily twent 3 -four hour specimens of urine 7 39, 3 12 and 1 47 mg metallic 
arsenic, respectively This is equivalent to an elimination of 6 3 per cent 
in three days During the succeeding ten days the amounts gradually dimin- 
ished until they reached a level of about 0 11 mg on the thirteenth and four- 
teenth days after the injection A mild retention of nitrogen was indicated in 
the blood findings 


9 Hawk, P B Practical Ph 3 'siological Chemistrj^ P Blakiston’s Son & 
Co Philadelphia, 1918, pp 476-478 

10 Scott, W W Standard Methods of Chemical Analysis, D Van 
Nostrand Co , New York, 1918, p 30 

11 Bang, I Quantitative Determination of Arsenic m Urine Farmaceutisk 
Revj Schweiz Apoth Ztg 55 393, 1917 

12 Green H H The Microtitration of Arsenic, Union of South Africa 
Dept Agriculture, Fifth and Sixth Reports 1916-1918, of the Director of 
\’’eterinar 3 Research, Pretoria 5 541-550, 1918 

13 Raiziss G W Gavron, J L , and Blatt, A C The Estimation of 
Minute Quantities of Arsenic in the Urine (to be published) 
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A second dose o£ 0 6 gm was given a fortnight after the first The 
“reaction” this time was much more severe There was vomiting, olyguria 
bile-tinged urine, diarrhea and pain in the legs The blood findings indicated 
a more definite nitrogen retention During the first three days there were 
eliminated 9 79 4 22 and 2 59 mg metallic arsenic, respectively This repre- 
sents 8 8 per cent elimination The succeeding days showed gradually declin- 
ing figures, reaching a level of from 0 53 to 0 58 mg arsenic from the twelfth 
to the fourteenth days 

A third injection of 0 6 gm arspheiiamm was followed by a mild reaction 

vomiting and headache — until the next morning During the first three days 
the elimination was 746, 2 80 and 2 09 mg arsenic, respectively, giving 6 56 
per cent There was evidence of mild retention of nitrogen m the blood during 
the next few dajs 

Case 2 — M J, male, aged 38 Optic atrophy (Table 1) 

This patient show'ed values for total nonprotem nitrogen slightly above 
normal before this study W'as begun He had been under continuous ars- 
phenamm treatment for the past tw'O j'^ears and showed small amounts of 
arsenic m the urine After an injection of 0 6 gm arsphenamm, there was 
a mild reaction characterized by vomiting There was evidence of mild 
nitrogen retention m the blood following the injection During the first three 
daj's, the amounts of arsenic eliminated in the urine were 212, 4 33 and 2 07 
mg , respectu elj This is equivalent to 4 5 per cent In the vomitus 0 85 mg 
arsenic w'ere detected During the succeeding days the amounts of arsenic 
graduallj fell, 0 69 mg being found during the last days of the fortnight 
Case 3 — K W, male, aged 39 Optic atrophy (Table 1) 

This patient had been under treatment for many years and showed traces 
of arsenic m his urine His blood show'ed values of nonprotem nitrogen only 
slightly above normal The injection of the first dose of 0 6 gm arsphenamm 
was followed b\ slight chills, but no other untoward reaction Theie was 
no evidence of increased nitrogen retention m the blood after this or any of 
the succeeding injections During the first three days there were eliminated 
310, 115 and 136 mg arsenic, respectively, or 2 97 per cent The amounts 
gradual!} diminished to small traces by the end of the fortnight A second 
injection of 0 6 gm was then given, and the following amounts were eliminated 
daily 6 85 2 61 and 149 gm arsenic, or 5 8 per cent m thiee days A third 
dose wms now administered with the following results 5 13, 3 23 and 1 35 mg 
arsenic, or 5 19 per cent During the following days the figures were 2 61, 1 36, 
157, etc, reaching a level of 0 44 mg arsenic at the end of the fortnight 

DISCUSSION 

A glance at Tables 1 and 2 reveals the fact that very small quan- 
tities of arsenic, detectable only by very delicate methods of analysis, 
are found daily in the urine of syphilitic patients after intravenous 
injections of arsphenamm Thus, after a dose of 0 6 gm containing 
from 187 to 188 6 mg arsenic, from 3 to 8 8 per cent was eliminated 
111 three days and from 4 9 to 13 5 per cent in the course of a fortnight 
By far the greatest amount of arsenic eliminated by the route of the 
kidneys is, therefore, found m the urine of the first three days after 
injection During the succeeding days the amounts gradually decline 
until by the fourteenth day they usually fall to a level of from 0 1 
to 0 05 mg which approaches the limit of accuracy of the method used 
Having seen that in human syphilitic patients only a relatively small 
portion of the arsenic injected intravenously as arsphenamm is ehmi- 
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nated by the urine during the first week or two after administration, 
It would be of inteiest to know the degree of distribution and storage 
in the various tissues No complete data are at hand giving the exact 
distribution of arsenic in all the organs of the human or animal body 
after a given dose of arsphenamin We have been able, however, to 
obtain an approximate pictuie by making calculations, using some of 
the accurate figures on arsenic distribution available in the works of 
the Navassarts, Ullmann, Willcox and Webster, Lockemann, Berg- 
mann and Green, and Vierordt’s excellent “anatomical, physiological 
and physical data and tables” as well as Stitt’s “physiological nor- 
mals” which give the weights of the various organs of the human 
body Our calculations show that the liver, the skeletal muscles and 
the skeleton, the kidneys, intestine and spleen are the most important 
depots for stored arsenic In order of concentration, per 100 gm 
of tissue, the liver is first, next the kidney and spleen and then 
the intestines No data are available for some of the important 
human organs of elimination, such as the skin and lungs, as well as 
for other tissues, such as the heart, pancreas, omentum, etc We have 
had to approximate these on the basis of published animal data and 
we have used the smallest figures, — ^0 5 mg per 100 gm of tissue 

A few striking facts from the literature deserve special comment 
at this place, the Navassarts,® as indicated above, have found the 
elimination in the feces to be from eight to ten times as great as 
that in the urine The duration of elimination of measurable 
quantities of arsenic is about the same, from fourteen to twenty days 
The arsenic in the feces may be due to resorption from the bile, as 
suggested by Obregia and CarnioP® who detected arsenic in the bile 
twenty-five minutes after an intravenous dose of neo-arsphenamin 
They also demonstrated the elimination of arsenic m the saliva 
Pomaret also found 10 mg arsenic in 5 c c of dog’s bile collected 
one hour after intravenous injection of 0 3 gm neo-arsphenamin 
The fact that we have found arsenic in the vomitus (Case 2), four 
hours after injection, suggests that elimination may take place by the 
route of the stomach, as in the case of morphin 

Willcox and Webster * found % and % mg arsenic trioxid in 
100 cc blood in two cases one hour after intravenous injection of 
0 6 gm arsphenamin 

14 Vierordt, H Anatomische und physiologische und physikahsche Daten 
und Tabellen zum Gebrauche fur Mediziner, Ed 3, 1906, Jena 

15 Stitt, E R Practical Bacteriology, Philadelphia, P Blakiston’s Son 
fi. Co, 1918, p 540 

16 Obregia, A , and Carniol, A Siir I’elimination du neosalvarsan par la, 
bile, Compt rend de la Soc de biol 78 468, 1915 

17 Pomaret, M L’elimination des Arsenobenzols, La med 2 123, 1920 
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Myers and Barbat m a joint study conclude 

The blood serum contains more than five times as much arsenic as the 
clot, It averages only 8 parts per million, or 0 8 mg per 100 gm of blood 
This fact proves, that within half an hour after the administration of 0 4 gm 
arsphenamin 75 per cent is fixed in the body cells Spinal fluid withdrawn 
immediately after injection showed 0 2 part arsenic per million of fluid in 
42 per cent of cases, 27 per cent of the cases showed only traces of arsenic, 
and 31 per cent were arsenic free The spinal fluid withdrawn twenty-four 
hours after injection was arsenic free m one case out of twenty-six, two 
specimens showed traces of arsenic, the remaining twenty-three contained an 
average of 0 25 parts per million ^ 

Ullman ^ found only questionable traces of arsenic in the perspira- 
tion of a patient treated with arsphenamin 

Young in an interesting experimental study found, that if the 
serum of goats (previously injected with arsphenamin) is dialyzed, 
some of the arsenic is removed, but the rest is bound to the serum 
and can not be dialyzed nor does it give the usual qualitative tests 
for aisenic Inorganic arsenic compounds do not behave in this way 
Young concludes that it is the aisenic which is thus bound in the 
blood and tissues which is slowly eliminated in the urine and feces 

The duration of elimination of stored arsenic is a controversial 
subject Some authors have detected traces of arsenic several months 
after the injection of a single dose of arsphenamin Data on the 
intravenous method are meagre Bailey and MacKay in a study 
of syphilitics suffering from toxic jaundice as a result of treatment 
with novarsenobilhon (French neo-arsphenamin) combined with mer- 
cury, were unable to detect any arsenic in the urines taken from 
twenty-foui to 157 days after the last treatment These authors used 
the Gutzeit test 

SUMMARY 

The elimination of arsenic in the urine was studied in three cases 
of tertiary syphilis which were under arsphenamin treatment and under 
observation in a hospital ward Very small quantities of arsenic, 
detectable only by very delicate methods of analysis, were found in the 
daily urine Thus, after a dose of 0 6 gm containing from 187 to 
188 6 mg arsenic, from 3 to 8 8 per cent was eliminated in three 
days and from 4 9 to 13 5 per cent in the course of a fortnight By 

18 Myers, C N Determination and Distribution of Arsenic in Certain 
Body Fluids After the Injection of Arsenobenzol, Salvarsan and Neo-Salvar- 
san, U S Public Health Rep, Reprint No 520, 1919 (May 2) pp 881-890 

19 Barbat, J H Permeability of the Meninges to Arsenic m Paresis and 
Tabes, J A M A 70 147 (Jan 19) 1918 

20 Young, W J Fixation of Salvarsan and Neo-Salvarsan by the Blood 
After Intravenous Injection, Biochem Jour 9 479, 1915 

21 Bailey, C V, and MacKay, A Toxic Jaundice m Patients Under 
Antisyphilitic Treatment, Arch Int Med 25 628 (Nov ) 1920 
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TABLE 1 — Daily Elimination or Arsenic in Urine of Syphilitic Patients 
Injected Intravenously with Arsphenamin 


Patient 

T M* 

M Jt 

R W { 

Drug injected 

Arsphenamin 

Arsphenamin 

■Vrsphemmin 

Dose (each) 

0 6 gm 

OOgm 

0 6 gm 

Arsenic in doses injected 

188 6 mg 

188 6 mg 

188 6 mg 

186 8 mg 


Mg Arsenic m Urine ; 

Mg Arsenic 

Mg 

Irsenic in Urine 





in Urine 











Dajs After 

First 

Second 

Third 


First 

Second 

Third 

Injection 

Dose 

Dose 

Dose 

First Dose 

Dose 

Dose 

Dose 

1 

7 39 

9 79 

7 46 

212 

3 10 

G 85 1 

513 

2 

312 

4 22 

2 80 

4 33 

1 15 

2 61 

3 23 

3 

147 

2 59 

209 

2 07 

1 36 

1 49 

135 

4 

1 37 

1 39 


2 21 

0 86 


2 61 

5 

0 97 

139 


1 71 

0 87 


1 36 

C 

0 92 

112 


0 73 

0 50 


1 57 

7 

0 59 

1 12 


0 83 

0 36 


0 81 

8 

0 69 

1 12 


0 83 

0 25 


0 80 

9 

0 68 

0 53 


0 83 

0 26 


0 bi 

10 

on 

0 54 


0 84 

0 25 


0 80 

11 

oil 

0 53 


0 69 

0 26 


0 44 

12 

on 

0 54 


0 69 

0 05 


0 44 

13 

on 

0 29 


0 69 

0 05 


0 44 

14 

on 

0 29 





0 44 

Total in first 3 days 








after injection 

11 98 

16 60 

12 35 

8 52 



9 71 

Percentage eliminated 







i 

first 3 days 

6 3% 

8 8% 

6 5% 

4 5% 

2 9% 

5 7% 

5 2% 

Total elimination, en 








tire period 

17 75 

25 46 

12 35 

18 57 


10 95 

20 23 

Percentage eliminated 








entire period 

9 4% 

13 5% 

6 5% 

9 8% 

4 9% 

5 7% 

i 

10 9% 


* This patient eliminated 3 14 mg arsenic in urine during a three day period of 
obsenmtion just prior to first injection 

f This patient eliminated 9 81 mg arsenic In urine during a six day period of observation 
just prior to injection and 0 85 mg arsenic in vomitus four hours after injection 

f This patient eliminated 0 85 mg arsenic in unne during a ten day period of observa- 
tion just prior to first Injection 


TABLE 2 — Summary of Data on Patients Studied 


Values for 

Total Clinical 
0 C Gm N P N t Reac- 

Doscs of Observed tion 
4rsphcnamin Before to 

(D R I)* Dose Was Injec- 
AlLalinc Sol Injected tion 


Total Mg Percentage Total 
Highest Arsenic of Arsenic Mg 
Values Eliminated Eliminated Arsenic 
for Total During in Urine Eliminated Number Percen 
N P N t First During During of tage of 

Observed 3 Days First 3 Days Interval Days Arsenic 

After After After Between m This in This 
Injection Injection Injection Injections Interval Interval 


Case 1 T M , male, age 38 Optic atrophy 


First dose 

24 to 30 

Mild 

39 

1198 

6 3 

17 75 

14 

94 

Second dose 

23 

Severe 

44 

16 60 

88 

25 46 

14 

13 5 

Third dose 

35 

Mild 

Case 2 M 

38 

J , male. 

12 35 
age 28 

6 5 12 35 

Optic atrophy 

3 

65 

First dose 

31 to 33 5 

Mild 

Case 3 K 

39 

W , male. 

8 52 
age 39 

4 5 18 57 

Optic atrophy 

13 

98 

First dose 

28 to 35 

None 

31 

5 61 

30 

9 34 

13 

4 9 

Second dose 

20 5 

Verj mild 

35 

10 95 

57 

10 95 

3 

57 

Third dose 

24 5 

Very mild 

34 7 

971 

52 

20 23 

14 

10 9 


' 0 6 gm arsphenamin (DEI) represents from 187 to 188 6 mg arsenic 
t A nlues for total nonprotcin nitrogen (N P N ) are gi\en in mg per 100 c c blood 
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far the greatest amount of arsenic eliminated by the kidneys is, there- 
fore, found 111 the urine of the first three days after injection During 
the succeeding days the amounts gradually decline until by the four- 
teenth day they usually fall to a level of from 0 1 to 0 5 mg which 
approaches the limit of accuiacy of the method used 

The following observations deserve special comment 

1 Only a small pait of the arsenic derived from arsphenamin is 
eliminated by patients through the urine, 13 5 per cent being the high- 
est amount m fourteen days 

2 The largest amount of arsenic is eliminated m the first three 
days, after that iinifoimly small amounts are found m the urine 

3 The elimination of aisenic is larger after the second and third 
doses are admmisteied than aftei the first 

4 Using constant doses of 0 6 gm arsphenamin, there is consider- 
able variation m the amounts of aisenic eliminated during a given 
interval of time by aii)' one patient as well as by difterent patients 
presumably m the same stage of the disease and treated under the 
same conditions 

5 The elimination of only small quantities of arsenic in the urine 
may be explained by the fact that a considerable quantity is eliminated 
through the feces and some is temporarily retained by the hvei, kid- 
neys, spleen, intestines and other parts of the body 

A review of the literature on arsenic elimination and storage, and 
of the fate of the arsphenamin molecule in the animal body is given 
We are indebted to Miss Anna Corson, B Sc for valuable assistance in 
this investigation 



A COMPARISON OF CAPILLARY AND VENOUS 
BLOOD IN PERNICIOUS ANEMIA 


W W DUKE, MD 

AND 

D D STOFER, MD 

KANSAS CITY, MO 

Patients afflicted with pernicious anemia present many symptoms 
which differ strikingly from those of secondary anemia One is the 
discrepancy between the general appearance of a patient with perni- 
cious anemia and his blood count Patients with secondary anemia 
having a red blood cell count of 2,000,000 or less, are not only weak 
and ill enough to be m bed, but have a pallor so marked as to be 
noticeable even to the most casual observer In contrast with this, 
patients who have pernicious anemia may be up and around and may 
have color in the face and lips which is so good that one is often 
surprised at the finding of an extremely low red blood cell count, from 
1,000,000 to 1,500,000 In fact, often their color is so good that the 
anemia is overlooked by their physicians The pallor may be partly 
obscured by the lemon yellow tinge of the skin 

We have often wondered why patients with pernicious anemia 
retain their color so well It might be accounted for, m part, by 
the fact that there is atrophy of the skin and mucous membranes which 
renders them abnormally transparent and thus they transmit well the 
red color of the little blood they possess 

It has seemed to us that there must be another factor, however, 
to account for this interesting phenomenon, namely, that possibly the 
red blood cells m this disease might have a tendency to lodge in the 
capillaries of the skin and therefore give a false impression concern- 
ing the gravity of the anemia It seemed possible that one might 
determine whether or not this were a fact by estimating simultaneously 
the number of corpuscles m the capillary and venous blood and com- 
paring the findings with those of normal blood 

We found a marked difference between the capillary and venous 
counts in all cases of pernicious anemia examined, whereas, in normal 
individuals the capillary and venous counts were practically the same 
All the patients had a frank pernicious anemia with atrophy of the 
slun and mucous membranes, characteristic tongue, achylia and char- 
acteristic blood findings, with red cell counts of 1,000,000 or a little 
above vhen first examined The high counts recorded were all due 
to the fact that the patients had been transfused some weeks or months 
prior to the time that the counts ere made 
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The capillar} red blood cell count of patients with pernicious ane- 
mia was 1 264,000, or 19 3 per cent higher on an average than the 
venous counts made at the same time In ever}^ case there vas a 
marked difference, the most marked being 3,070,000 red blood cells 
111 the capillary blood and 1,920,000 m the venous blood — a difference 


TABLE 1 — Venous \nd Capillary* Blood Counts in Pernicious Anemia 


Date 

Capillary 

Venous 


i 

1 Remarks 


Count 

Count 

mSm 

j 

C ISO 1 





Aug 31,1921 

2,400 COO 

1,840,000 

23 3 

Transfused 10/5/-0 

Sept IS 1921 

2,220,000 

1,760,000 

20 7 

Dec 1,1921 

4,040,000 

3,480,000 

13 8 

Transfused 10/10/21 and 10 / 28/21 

Case 2 




Oct 23 1921 

3,440 OCO 

4,800,000 

11 S 

Transfused 1/28/21 

Case 3 




Juh 29 1921 

3,3S0 OOO 

2,280,000 

32 5 

Transfused 6/5/21 and 6/18/21 

Oct 7,1921 

3,200,000 

3,880,000 

25 3 

Case -1 





Aug SO, 1921 

0,400,000 

I 5,300 000 

17 2 

Transfused 3/21/21 

Sept 20 1921 

5,040,000 

4,400,000 

22 3 

Oct 1,1921 

6,240 000 

5,520,000 

11 6 


Oot 23, 1921 

5,020,000 

5,510,000 

16 7 


Case 3 




Nov 2S 1921 

2,240 COO 

1,600 060 

285 

Transfused 11/29/21 

Dee 4, 1921 

3,440,000 

2,680,000 

22 0 

Case 6 





Nov 2S 1921 

4,900,000 

4,200,000 

15 4 

Transfused 1/21/21 

Case 7 




Nov 2S, 1921 

3,070,000 

1,920,000 

37 4 

Transfused 10/21/21 

Case S 



Dec 23,1921 

l,2S0,00O 

960,000 

25 0 

Transfused 12/31/21 

Jan 1, 1923 

3 800,000 

2,600,000 

310 

Venous and Capillary 


i 



Blood Counts in Nor- 
m ilindn iduals 





Case 1 

5,520,000 

5,540 000 



Case 2 

4,9C0,000 

5,120,000 



Case 3 

5,200,000 

5 400,000 



Case 4 

5,160,000 

5,000,000 



Case 5 

0,080,000 

6,120,000 



Venous and Capillary 





Blood Counts in Sec 
ondary Anemia 





Case 1 





Jan 19, 1922 

2,960,000 

2,680 000 

9 4 

Transfused 1/-S/22 

Jan 30,1922 

5,440,000 

5,300,000 

1 3 


Case 2 





March 4, 1922 

2,400 000 

2,480,000 

None 


Case 3 




Transfused 9/7/21 prior to mak- 

Jan 30,1922 

5,280,000 

5,200,060 

1 2 

Case 4 



mg of counts 

Jan 30,1922 

4,400,000 

4,720,000 

None 

Transfused 1/23/22 prior to 


making of counts 


* In malving the cnpillarj blood count a small slit was made in the lobe of the ear and 
the blood dra^in up m a red counting pipet in the usual manner For the venous counts a 
small amount of blood vas draun from an arm ^ein into a syringe and a count quickly 
taken from this 


of 1,150,000, or 37 4 per cent, the least marked being 6,240,000 red 
cells m capillary blood and 5,520,000 red cells in venous blood, a differ- 
ence of 770,000 red cells, or 11 6 per cent This difference was striking 
regardless of whether the counts were made when the counts were 
low or whether they were made after treatment by transfusion when 
the counts were high In contrast with this, the difference between 
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the capillary and venous counts in normal individuals was not great 
in any case and did not exceed 1 2 per' cent in a single instance, nor 
did It exceed 9 4 per cent in four cases of secondary anemia, two of 
which had been transfused shortly before the counts were made 

It was noted that the venous blood of patients with pernicious 
anemia contained an increased proportion of small cells while the capil- 
lary blood contained an increased number of macrocytes This difference 
between the venous and capillary blood was so striking as to leave no 
doubt as to its real existence It has seemed to us that the large red 
cells of the blood of patients with pernicious anemia lag in the capillary 
bed while the smaller cells filter through and in this way account 
for the marked difference between the capillary and venous counts 
This view would be in harmony with physical laws which govern 
deposits made by streams of water which carry a sediment heavier than ' 
water As a stream broadens it slows, its carrying power is thereby 
reduced, and part of its sediment is deposited The larger particles of 
a given specific gravity are deposited first or lag along the creek bed 
while the smaller particles of the same gravity are carried on We 
have a somewhat similar condition existing in the human body though 
modified no doubt by biologic laws As blood reaches the capillary 
bed the stream broadens and slows Furthermore, the pulse is lost 
There should exist, therefore, a tendency for the larger red cells (which 
are heavier than serum) to lag and for the smaller ones to be carried 
along readily 

One could believe also that the larger red cells might be retarded 
in the capillary bed by a process of filtration This may be a factor 
also but against this view is the fact that in only one of four cases of 
leukemia which we have examined was there a great difference between 
the capillary and venous white cell counts (lower specific gravity than 
red cells) in spite of the fact that the myelocytes were larger than the 
leukocytes and lymphocytes 

In the belief that more light might be thrown on the subject, capil- 
lary blood cell counts Avere made on four patients with pernicious 
anemia, two of whom (Cases 9 and 10) had been transfused several 
months previously Blood was withdrawn from the arm A'^eins with- 
out the use of a constricting tourniquet to distend the veins After 
this blood was taken, a tourniquet was placed around the arm for 
one minute, tight enough (about 180 mm of mercury) to prevent 
arterial blood from entering the arm and venous blood from escaping 
During this minute the hand was contracted and relaxed a number 
of times vith a view of dislodging, if possible, any red cells which 
might have accumulated in the capillaries of the arm The muscular 
contractions forced the blood out into the veins so that they became 
quite tense At the expiration of the minute, the tourniquet was 
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removed for about two seconds and then quickly replaced at 180 mm 
of meicury This was done foi the purpose of allowing the blood in 
the veins to be replaced by blood from'the capillary bed Venous blood 
was then withdrawn and counts were made 

The results obtained by this procedure were quite inteiestmg In 
each instance the venous count taken while the arm was at rest and 
before a tourniquet was applied was much lower than the capillary 
counts taken from the lobe of the ear The venous counts taken after 
constriction of the arm with tourniquets and exercise were higher m 


TABLE 2 — CxpiLLm and Venous Counts in Pernicious Anemia Before 
\ND After Constriction of the Arm and Exercise 


Case 

Cnpillarj Counts 

Venous Counts Before 
Constnction 

Venous Counts After 
Constriction and Exercise 

9 

4 OS‘5,000 

2,505 000 

3 125 000 

10 

3,230,000 

2,670,000 

3,100,000 

11 

1,440 000 

880,000 

1,120,000 

12 

2,SSO.OOO 

2,240,000 

2,560,000 


TABLE 3 

— C\PILLAUY AND VeNOUS BloOD CoUNTS IN NORMAL PERSONS BeFORE 
AND After Constriction of the Arm and Exercise 

Case 

Capillarj Counts 

Venous Counts Before 
Constnction 

Venous Counts After 
Constriction and Exercise 

13 

5,170,000 

5,210,000 

5,490,000 

14 

4,800,000 

5,160,000 

5,280,000 

15 

4,000,000 

5,040,000 

5,080,000 

1C 

5,040,000 

5,080,000 

6,120,000 


every instance than the venous counts taken while the arm was at 
rest — m fact, the difference was so marked in each instance that we 
feel sure had the venous counts been taken from veins without the 
aid of a tourniquet they would have been relatively lower than the 
ones obtained 

As a control, similar counts were made on four normal persons 
The venous counts taken before and after constriction and exercise 
were essentially the same as the capillary counts 

We wish to suggest that the relatively good color of the skin and 
lips in patients with pernicious anemia might be accounted for, in part, 
by the fact that the capillary blood is richer in red corpuscles than the 
venous blood and for thi'^ reason is misleading and does not give the 
physician a correct idea of the gravity of the situation 

CONCLUSIONS 

1 Capillary red blood cell counts on patients with pernicious ane- 
mia were on an average 17 6 per cent higher than similar counts made 
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on venous bloods at the same time The difference was as great 
as 37 4 per cent in one case, and in every case it was 116 per cent 
or more 

2 Venous counts made after constriction of the arm with a tourni- 
quet, combined with exercise of the hand, were materially higher than 
counts made before constriction of the armband when the hand was 
at rest 

3 An increased number of macrocytes was observed in capillary 
blood as compared with venous blood 

4 The striking difference between the capillary and venous counts 
IS caused, we believe, by a tendency for the larger red blood cells 
(macrocytes) to lag in the narrow capillary bed where the rate of flow 
of blood is slow and the pulse is lost 

5 It IS believed that this accounts, in part, for the circumstance that 
a patient with pernicious anemia may have relatively good color of skin 
and lips even though he may be gravely anemic This is misleading 
and frequently obscures the real gravity of the situation 

We wish to thank Drs L S Milne, L F Barney, J T Ferguson and A J 
Simpson for their kindness in referring Cases 2, 7, 10 and 11 to us for study 



STUDIES ON THE NATURE OF NONSPECIFIC 
PROTEIN IN DISEASE PROCESSES 

IV BLOOD FRAGILITY, RETICULATION AND BLOOD CHEMISTRY ^ 
ROY MARK GREENTHAL 

AND 

GEORGE MAXWELL BROWN 

ANN ARBOR, MICH 

The nature and mechanism of the reaction caused by the injection 
of foreign piotem into the blood stream is still obscure Some light 
has been thrown on this remarkable phenomenon by various workers 
vho have studied the changes in blood cytolog)^ certain phases of 
blood chemistry and immunology which occur during this reaction 
The nature of this reaction is still a matter of controversy There are 
some who consider the foreign protein reaction as an anaphylactic 
phenomenon Others do not agree There is still so much to be 
known about this subject that any further infoiniation is of interest 
and value Cowie in a veiy comprehensive review of the nonspecific 
protein reaction has summed up all the present day knowledge on this 
subject Herewith we present a more detailed report of some studies 
on the blood following the intravenous injection of a nonspecific pro- 
tein We have investigated blood fragility, reticulated red cells, blood 
urea, nonprotein nitrogen, blood sugar and alkali reserve in patients 
who were being treated, by intravenous protein injections as a thera- 
peutic measure for arthritis, chorea and various eye infections The 
doses varied from 100 to 750 million killed typhoid bacilli The 
patients all reacted characteristically with chill and rise in tempera- 
ture The ages of the patients varied from 8 to 50 years 

Fi agility of the Red Blood Cells — The method of Greenthal and 
O’Donnell ^ was used Six patients were studied In one case four 
fragility determinations were made at varying intervals after the 
injection Our results show a slight increase in fragility following 
foreign protein injections In Case 4 the control deteimination showed 
an increased fragility This patient, a man with an infected corneal 
ulcer, had received four injections of protein during the previous ten 
days It IS possible that these injections may have made his red blood 

* From the Department of Pediatrics and Infectious Diseases, University of 
Michigan Medical School Dr D M Cowie, Director 

1 Cowie, DM New York State J M 21 395, 1921 

2 Greenthal and O’Donnell Am J Dis Child 22 212, 1921 
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cells more fragile Raphael and Sherman/ using the same method, 
m a study of the fragility of the erythrocytes in psychopathic patients 
receiving foreign protein injections likewise found a slight increase 
in fragility after the injection At any rate the increase is not marked 
enough to be of significance (Table 1) 

The percentage of reticulated red cells before and at intervals 
following the protein injection was determined in eight patients The 
patients were examined during various injections, one during the first 
injection, three during the second and third, and one during the sixth 
injection At no time during the protein paroxysm were we able to 
find any marked change in the number or character of these cells 
They were always within normal limits This was contrary to our 
expectations as examination of the blood smears after protein injec- 

TABLE 1 — Effect of Foreign Protein on the Fragility of the Red Blood 

Cells 


Case Control After Injection 

1 0 425-0 325* 0 450-0 325 

2 0 425-0 325 0 425-0 325 

3 0 425-0 300 0 425 0 325 

4 0 450-0 350 0 450 0 375 

5 0 425-0 325 0 450 0 350 

% Hour 

0 0 425 0 325 

0 450-0 325 


EemarLs 

Blood drawn 1 hou’" after injection, during chill, temper 
ature 101 F 

Four hours after injection, temperature 102 6 F 
Six hours after injection, temperature 101 8 F 
Three hours after injection, fifth injection of foreign pro 
tein increased fragility due to repented injections? 

Four hours after injection, temperature 104 F 
1% Hours 3 Hours 5 Hours 

0 450 0 325 0 4754) 350 0 425-0 325 


* 0 425-0 325 = Beginning hemolysis, 0 425 per cent saline, to complete hemolysis, 0 325 
per cent saline 


RETICULATED RED BLOOD CELLS 

Method Capillary pipets were coated and dried with several layers of a 
vital blood stain (Unna’s polychrome methylene blue, in citrated saline solution) 
The blood was quickly drawn into the capillary tubes and after from ten to 
twent}’’ minutes a drop was blown on a slide and examined Six hundred cells 
were counted each time The efficacy of the stain was determined by examining 
the blood of normal adults and infants, patients with simple anemias, and one 
case of hemolytic family icterus 

tions shows an increase m nucleated red cells, blood platelets and 
mjelocytes If the reticulated red cell is an embryonal cell, one 
might think that there would be an increase during the protein reac- 
tion, for the bone marrow is stimulated to send forth new cells How- 
eter, m none of the patients, both children and adults, w'-ere the 
reticulated cells increased wnth large doses of dead typhoid bacilli 
(Table 2) 


3 Raphael and Sherman Am J Psychol 1 31, 1921 
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Uiea Niftogen — The results of the blood analysis show nothing 
remarkable during the protein paroxysm The urea nitrogen was 
within normal limits at all times It made no difference whether the 
determinations were made during the first or eighth injection of typhoid 
vaccine There was a slight rise m the urea nitrogen usually between 
four and eight hours after the injection This corresponded usually 
with the highest temperature It does not seem as though the intra- 
venous injection of typhoid protein causes any appreciable change 
m the urea nitrogen of the blood Certainly it was not above normal 
limits m any reaction Hisanabu ■* found a marked increase in the urea 
nitrogen of the blood of guinea-pigs during peptone intoxication and 

TABLE 2 — ErrFCT or FoRricx Protein on the Percentage of Reticulated 

Red Cells 


Before 

Injection Hours After Injection 


Case Control 

1 0 7* 

1 4 

1 

lE 

1 2 

2 

10 

2% 

3 

1 4 

2 06 

06 

03 

03 

OS 

06 

07 

3 

06 


06 


03 



4 

1 2 

1 1 

OS 

06 

07 

06 

10 

5 10 

04 

02 

03 

0 5 

08 


6 

16 

12 

10 

1 3 

1 1 

1 2 

16 

7 14 

1 8 

05 

09 

06 

1 4 

12 

S 

06 

05 

02 

06 

05 

04 

03 


4 

06 

5 

6 

09 

7 

1 0 

S 

RemarKs 

1st injection 300 
million bacilli 

06 

04 

06 

0 5 

07 

2d injection 300 
million bacilli 

02 

0 3 

0 5 

04 

04 

3d injection 500 
million bacilli 

OS 

04 

2 1 

06 

08 

06 

0 6 

08 

2d injection 500 
million bacilli 
Sd injection 750 
million bacilli 

14 

11 

1 8 

12 

1 1 

1 4 

1 6 

2d injection 500 
million bacilli 
3d injection 750 
million bacilli 

0 5 


06 

0 5 

04 

Gth injection 500 
million bacilli 


* E'^pressed in per cent 

UREA NITROGEN AND TOTAL NONPROTEIN NITROGEN 

Method The urea nitrogen of the blood was determined b}'- the Van Sbke- 
jMarshall method The total nonprotem nitrogen was determined by the method 
of Folm and Wu On some of the patients both the urea and total nonprotem 
nitrogen were determined at the same time On others only one of the two 
determinations was performed The patients on whom the determinations were 
made were fasting during the time of the experiment A blood sample was 
drawn m the morning, after a twelve-hour fast, and then the typhoid vaccine 
injected Blood was then drawn at varying intervals during the day The 
experiments were made at various injections 

anaphylactic shock The negative results in these experiments suggest 
that so-called protein shock is an entirely different phenomenon from 
anaphylactic shock or peptone poisoning (Table 3) 

Total Nonpi otein Ntt7'ogen — The results of these experiments agree 
closely with those on the urea nitrogen There is very little evidence 
of protein destruction m the body during the protein par^}^s^s 


4 Hisanabu Am J Physiol 1 357, 1919 
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TABLE 3 — Effect of Ffreign Protein on the Urea Nitrogen of the Blood 


Before 

Injection 




Hours After Injection 

_ A__ 





t 

Case 

Control 

1 

1% 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

16 5* 

16 2 


15 0 

18 6 

12 0 

15 6 

18 0 

14 2 

18 0 

15 6 


2 

78 


89 


9o 


101 


98 


96 


3 

15 0 17 8 



19 2 



12 0 



151 



3 

12 0 


13 2 



13 4 





15 0 


4 

101 

14 2 


72 

11 4 

10 2 

16 2 

15 0 

86 

84 

96 


5 

7 5 

75 


7 6 



13 4 




90 


0 

7 7 



8 4 


11 7 


11 2 


9 5 


92 

7 

151 

14 2 



16 2 



16 2 



16 8 


7 

10 2 

92 


12 0 


10 8 




11 4 



8 

10 6 

13 5 


117 


17 3 

16 2 

101 

13 7 


97 

95 

9 

13 4 



101 


78 


10 6 


16 8 


12 3 


Remarl. S' 

1st injection 
350 million 
tjphoid 
bacilli 

2d injection 
500 million 
bacilli 

4th injection 
600 million 
bacilli 

5th injection 
600 million 
bacilli 5 
days later 

3d injection 
500 million 
bacilli 

1st injection 
400 million 
bacilli 

3d injection 
750 million 
bacilli 

1st injection 
300 million 
bacilli 

2d injection 
500 milbon 
bacilli 4 
days later 

7th injection 
600 mill on 
bacilli 

1st injection 
400 mi'hon 
bacilli 


* Expressed in Jig per 100 C c 


TABLE 4 — Effect of Foreign Protein on the Total Nonprotein Nitrogen 

OF the Blood 


Before 

Injection Hours After Injection 


j , , ^ 


Case Control 

% 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

EemarLs 

] 

34 0* 


381 

301 

231 

33 6 

37 5 

34 8 

34 8 

25 2 

312 


8th injection 














600 million 

0 

25 4 



22 8 


24 3 


241 


27 3 


26 7 

3d injection 














700 million 

3 

29 9 


30 0 

28 7 

28 4 

39 8 


29 6 

281 


26 0 


2d injection 














500 million 

4 

32 9 

231 


25 7 


211 




29 5 



4th injection 














600 million 

J 

19 6 

19 6 

21 4 

18 7 


19 0 


17 6 




22 5 

5th injection 














600 million 

0 

27 5 


30 0 

tiV b 

30 6 

381 

33 9 

357 

37 5 

39 0 

331 


1st injection 














350 million 

0 

26 0 


30 5 


33 6 


29 0 


30 4 


26 4 


2d injection 


32 9 




321 








500 million 

0 







35 2 


31 6 


3d injection 





33 0 









OOO million 

< 

34 0 




30 4 


25 0 


31 5 


26 2 

1st injection 



257 


201 









400 million 

8 

201 



234 




23 4 


24 4 

1st injection 














300 million 


Expressed in Jig per 100 C c 
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Avould be shown by an increase in the non-protem constituents of the 
blood The very slight inciease in non-protem nitrogen between the 
fourth and eighth hours can probably be accounted for by the fever 
which was highest at that time Hisanabu found a marked increase m 
nonprotein nitiogen m the blood of guinea-pigs who were suffering 
from anaphylactic shock Jobling® found some increase m the non- 
pi otem nitrogen after the intravenous injection of dead typhoid bacilli 
Working with rabbits Peppei and Millei ® found no change m the total 
nitrogen and urea of the urine aftei a single intravenous injection of 
dead typhoid bacilli The results of the urea and non-protem nitiogen 
analyses of the blood of patients after the intravenous injection of 
dead typhoid bacilli form substantial evidence against the theory that 
protein and anaphylactic shock aie similar (Table 4) 

Cm bon Dioxid Capacity of Blood Plasma — The method of Van 
Slyke was used Three patients were studied after the foreign protein 
injections, two duimg the fiist injection and one during the fifth injec- 
tion The results of these experiments show that there is a slight 
diminution in the alkali reserve of the blood plasma during the protein 
paroxysm This we think is not great enough to be of any practical 
importance We have never seen any of our patients show any serious 
symptoms of acidosis Eggstem" studied the alkali leserve during pio- 
tein and anaphylactic shock He quotes the result of one experiment 
on man A patient given twenty million dead typhoid bacilli into the 
vein showed a caibon dioxid capacity of 45 9 volumes per cent one 
hour after the injection Her carbon dioxid capacity before the 
injection was 55 8 i^olumes per cent In animals a much severer grade 
of acidosis was produced This could be overcome by the injection 
of sodium bicarbonate In anaphylactic shock in animals the acidosis 
was so marked as to endanger life Death could not always be pre- 
vented by the use of sodium bicarbonate Here, again, we find a 
difference between so called protein and anaphylactic shock (Table 5) 
Blood Fat — Cowie and Hoag® have shown in their studies on 
blood fat ^ that the total lipoids decrease during the protein paroxysm 
induced by the intravenous injection of dead typhoid bacilli apparently 
to a more marked degree than they do m fasting subjects who have 
not received an injection of foreign protein We are indebted to 
them for the privilege of reporting their detailed results here (Table 6) 
Blood Stigai — The method of Fohn and Wu was used Six 
patients were studied at various injections The patients were fast- 
ing during the period of observation The results of the blood sugar 

5 Jobimg- J A M A 65 515 (Aug 7) 1915 

6 Pepper and Miller J Infect Dis 17 694, 1916 

7 Eggstem J Lab & Chn M 6 481, 555, 1921 

8 Cowie and Hoag J A M A 77 1493 (Nov 5) 1921 
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experiments show nothing remarkable There is a slight rise in the 
blood sugar during the height of the fever which quickly returns to 
normal We have also run blood sugar analyses by the Benedict 
method on the same blood samples They also give the same readings 
always, however, somewhat higher than with the Fohn test The rea- 

TABLE 5 — ErrECT or Foreign Protein on thf Carbon Diomd Capacity or 

THE Blood Plasma 


Before 

Injection Hours After Injection 

K A 


Case Control 

% 

1 

2 

3 

4 

5 

8 

24 

EemarLs 

1 

55 7* 

51 9 

57 6 

54 f. 

47 5 

500 

501 

51 2 

54 8 

1st injection 300 million 

O 

52 0 

54 8 

53 8 

512 

500 

46 5 

518 

51 6 

53 8 

1st injection 600 million 

3 

587 

57 9 

5G1 

55 6 

52 2 

557 


56 3 

56 0 

5th injection 600 million, 
very little reaction 


* Expressed jn volume per cent 

TABLE 6 — ErrECT or Foreign Protein on Blood Lipoids 


Before 

Injection Hours After Injection 

A ^ A 


r y 

Case Control 

r 

V2 

2 

3 

4 

5 

6 

7 

8 

9 

RemarXs 

1 0 793* 

0 811 

0 793 

0 798 

0 756 

0 756 

0 753 

0 757 

0 715 

0 722 

Basting, 3d injee 
tion 500 million 

2 0 716 

0 639 

0 644 

0 540 

0 577 

0 655 

0 070 

0 690 

0 684 

0 716 

Basting, 1st injec 
tion 600 million 


* Lxpressed m per cent 

TABLE 7 — Efeect of Foreign Protein Injections on the Blood Sug\r 


Before 

Injection 


Hours After Injection 


Case Control 

% 

1 

2 

3 

4 

5 

0 

7 

8 

9 10 

Hem arks 

1 

0 098* 

0111 

0116 

0102 




0120 




1st injection 













300 million 

2 

0105 



0110 


0 129 


0137 


0135 


3d injection 













600 million 

3 

0 081 

0 085 

0 081 


0 090 


0120 




0 080 

5th injection 













500 million 

4 

0101 


0110 


0120 


0114 


0115 



2d injection 


0108 











500 million 

5 


0106 

0 082 

0 088 

0123 

0140 

0122 

0129 


0117 

3d injection 













400 million 

6 

0103 



0102 


0 087 


0 083 


0119 

OIOS 

1st injection 













350 million 


* Impressed in per cent 

son for the increased blood sugar during the fevei is not clear One 
might surmise that it is due either to increased metabolism or to 
stimulation of the glycogen reserve (Table 7 ) 

Our investigation of the blood changes after an intravenous injec- 
tion of foreign protein (typhoid vaccine) lead us to the following 
conclusions 
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CONCLUSIONS 

1 There is a slight mciease in the fi agility of the lecl blood cells 
during the protein paroxysm 

2 There is no change m the peicentage of leticulated erythiocytes 

3 There is a model ate rise in the uiea and total nonprotein nitrogen 
of the blood at the height of the fever lesulting from the protein 
injection 

4 Theie is a moderate fall in the alkali reserve of the blood after 
the foreign piotem injection This is of short duration and a normal 
reading is soon obtained 

5 Theie is a decrease m total blood lipoids during the protein shock 
This deciease is peihaps moie maiked than that which is found in fast- 
ing subjects not receiving the protein 

6 Theie is a slight rise in the blood sugar curve (Folin and Ben- 
dict) at the height of the reaction following the piotem injection 

7 We helieve that the so-called protein shock and anaphylactic 
shock are difterent phenomena 



DIETETIC TREATMENT OF CHRONIC ARTHRITIS 
AND ITS RELATIONSHIP TO THE SUGAR 

TOLERANCE * 

A ALMON FLETCHER MB 

TORONTO 

The importance of diet in the treatment of chronic arthritis is a 
question on which there is today considerable difference of opinion In 
practice, its effect, as a rule, is confused by the establishment of seveial 
forms of treatment at one time, such as the removal of infectious foci, 
rest m bed, electrotherapy and hydrotherapy and other hygienic mea- 
sures It is, however, the experience of many observers that improve- 
ment is often brought about by changes in diet alone But as to the 
character of this change, difference of opinion also exists Increase in 
diet IS recommended by some and decrease by others, or reduction of 
proteins in one case and reduction of carbohydrates in another 
Sometimes improvement has been so marked as to lead older clinicians 
to believe that the disease had a metabolic basis, but clinical and labora- 
tory investigation has not offered much evidence to support this 
hypothesis In fact, interest has been more directed toward the part 
played by bacteria m the causation of this disease, and recent work has 
resulted m the general belief that chionic arthritis — with the excep- 
tion of those cases due to trauma, strain, gout, some neuropathy, scurvy 
and hemophilia — is the result of a bacterial process It is, therefore, 
natural that the origin of such infection should be looked for, infectious 
foci removed, vaccines administered, and, if necessary, some form of 
nonspecific protein therapy utilized These measures are often attended 
by marked success, but sometimes results are disappointing, and if 
improvement occurs, it is often of a temporary nature 

In spite of this belief that the condition is a bacterial disease, there 
are still clinicians who insist on the importance of diet m its treatment 
Pemberton,’- especially, has for many years advised careful dietetic 
regulation — recommending a general reduction of the food intake, and 
laying special stress on the restriction of carbohydi ates In our own 
clinic, we have been impressed with the value of this recommendation 
in many cases And, further, m those cases which receive benefit from 
such treatment, there has been as much clinical evidence of infection 
as in those which are refractory to such measures One case, in which 

* From the Department of Medicine University of Toronto, and from the 
Medical Dnision of the Toronto General Hospital 

1 Pemberton, R Use of Diet in Treatment of Chronic Arthritis, Am J 
M Sc 161 517 (April) 1921 
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a hemolytic streptococcus was isolated from the blood during the height 
of the arthiitis, showed prompt and quite marked improvement with a 
sudden reduction of diet This reduction was made about six weeks 
after the onset of the attack, while the patient was still in a febrile 
state, and the favorable course of the infection was undoubtedly 
brought about by the change in diet It would seem, then, that in such 
cases, theie is a relationship between the maintenance of an infection 
and an unsuitability of the diet to the patient This unsuitability might 
be due either to actual lack of balance in selection of food or to some 
error in the metabolism of the patient 

In a metabolic study of chronic arthritis, Pemberton and Foster ^ 
observed that the rise in blood sugar, following the admimstiation of 
100 gm glucose, was both increased and prolonged They further con- 
cluded that this lowering of sugar tolerance was roughly an indication 
of the seventy of the disease — tending to return to normal as con- 
valescence set in If this were the case, a deteimination of sugar tol- 
erance would not give any specific information bearing on a case, other 
than its severit}^ but our own figures were not in accord with this con- 
clusion, for It was sometimes found that some of the mildest cases 
showed a well-marked decrease m the sugar tolerance, which might 
even persist after lecovery, while cases of the severest type sometimes 
gave figures which varied but slightly from normal This question then 
presented itself Does the lowering of sugar tolerance call for reduc- 
tion of diet, and is the degree to which this tolerance is lowered any 
indication of the probability of giving relief by such measures^ With 
this question in mind, we present the records of 100 cases of chronic 
arthritis m which the sugar tolerance was determined and m which 
the efifect of reduction of diet alone was studied 

Method of Tieatmcnt — The 100 cases represent a selection from 
160 cases of nonpurulent arthritis admitted to the medical wards of the 
Toronto General Hospital, and a few cases seen outside The remain- 
ing sixty cases could not be included for various reasons Many 
patients recovered without special treatment, a few recovered after 
removal of some focus of infection, others left the hospital before 
treatment was adequately observed The cases associated with gon- 
ococcal infections are not included Following McCrae’s ^ classifica- 
tion, the majority of cases were of the periarticular type, with or with- 
out defoimity, a few showed hypertrophic bone changes, and one or 
two cases showed both types of the disease The duration of the 
condition is shown in the tables, and in no case was dietetic treatment 
started before six weeks after the onset The patients who were 

2 Pemberton, R , and Foster, G L Arch Int Med 25 243 (March) 1920 

3 McCrae Oxford Med 4 374, 1921 
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admitted to hospital were allowed to remain m bed for two weeks at 
least, and until the process appeared to have reached a more or less 
stationary stage This was done because rest alone may result in con- 
siderable improvement or even recovery A few patients were treated 
outside of hospital, and in these no changes were made in the manner 
of living, other than the change in diet 

Dietetic treatment was carried out as far as possible in a routine 
manner, without regard for the patient’s tolerance for carbohydrates oi 
for his former diet At first various changes in diet were tried Reduc- 
tion of the carbohydrates to one fifth or less of the usual intake some- 
times was followed by much improvement But better results were 
obtained by a more general reduction, and the large majority of the 
100 patients were treated in the following manner three glasses of 
milk, 3 glasses of buttermilk, one-half grape fruit and one or two 
oranges a day for one week, then the giadual addition of such food 
as eggs, fish, fowl, meat, 5, 10 and 15 per cent vegetables, fruits, 
junkets and jellies , and finally, brown bread in small amounts Patients 
who were underweight were allowed cod liver oil and cream This 
increase was made so as to provide from 1,500 to 2,000 calories a day 
within four weeks’ time The improvement noted m the tables occurred 
within this period, and with one or two exceptions, if no progress had 
been observed, it was not found worth while to continue But those 
who did well were recommended to adhere to the diet — many reported 
progress for several months, and a few found that a relapse set in if 
their former diet was indulged in too freely 

While the effect of this treatment was being observed, no other 
form of treatment was given If foci of infection were removed, four 
weeks were allowed to pass, but often these foci were untouched until 
after the period of observation No drug was given, and physiotherapy 
was not ordered When necessary, the bowels were moved on alter- 
nate days by enemas, and in a few cases liquid petrolatum was given 
by mouth 

The Siigai Toletance — The test was carried out as recommended 
by Hamman and Hirschman ^ After a fast of fifteen hours, 100 gm 
glucose was given by mouth in 300 c c of water, with the addition of 
the juice of half a lemon , 250 c c of water was given at one and two 
hour intervals Blood sugar determinations were made immediately 
before the administration of the sugar and one-half hour, one hour, 
two hours and three hours afterward The half-hour determination 
did not appear to give any essential information in most cases, and was 
discontinued In a few cases, it was convenient to obtain blood at one 

4 Hamman, L, and Hirschman, F I Alimentary Hyperglycemia and 
Ghcousuria as a Test for Sugar Tolerence, Arch Int Med 20 761 (Nov ) 1917 
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and one-half hour intervals only — these two determinations being 
usually sufficent to establish the existence of definite lowering of the 
toleiance All the deteiminations weie done by the method of Fohn 
and Wu,'' the blood, as a rule, being precipitated at the bedside and the 
colorimetric reading done the same day, the figures are given m 
mg per c c 

For the interpretation of the blood sugar readings, after the inges- 
tion of 100 gm glucose, it appeals that three aspects are to be con- 
sideied (1) the maximum figure obtained, (2) the time at which the 
maximum occurs, and (3) the time required for the return to normal 
There is still some disparity as to what should be considered a normal 
reaction In our own work, a figure above 1 7 or a failure to return to 
the original level m ninety minutes, has been taken as a disturbance in 
sugar tolerance In health, the maximum is reached in less than sixty 
minutes In many of the figures presented, the maximum occurred 
later than this, but as this point possibly was fiequently missed, it can- 
not be considered specially The striking characteristic of the figures 
presented is the height which many of the figures reached, and espe- 
cially the delay m the leturn This last point is well brought out by the 
method of determining the blood sugar at one hour or one hour and a 
half intervals For purposes of comparison, an average was taken of 
the figures obtained after the administiation of the glucose, either at 
the hour or at one hour and a half intervals These averages take into 
account both the maximum reached and the delay in the return, and 
111 the tables the cases are grouped according to these averages Three 
arbitrary groups were selected (1) those m which the average was 
less than 1 4, (2) those m which the average was from 1 4 to 2, and 
(3) those in which the average was greater than 2 

Table 1 shows that the figures obtained varied from those which 
fell within normal limits to those which might be considered as indi- 
cating frank diabetes And, indeed, no line can be drawn so as to 
classify the cases into diabetics and nondiabetics Of the 100 cases, 
twenty-four belonged to Group I , i e , with the average of the figures 
obtained under 1 4 , fifty-six belonged to Group II, with an average 
of from 1 4 to 2, and twenty belonged to Group III, with an average 
greater than 2 

As to the relationship of the sugar tolerance to the seventy of the 
disease, none was found , as many mild cases were found to appear in 
the group with the low tolerance as m the group with the high toler- 
ance , of the twenty most severe cases, six belonged to Group I, ten to 

5 Folin, O, and Wu, H System of Blood Analysis, a Simplified and 
Improved Method for Determination of Sugar, J Biol Chem 41 367, 1920 
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TABLE 1 — Cases in Which the Blood Sugar Averaged Less Than 14 Mg 
PER C c FOR Three Hours After Administration of 100 Gm Glucose 


Case 

Se\ 

Age 

Diin- 

tion 

Before 

Adniis 

sjon 

Fast 

mg 

Blood 

Sugar 

% 

Hour 

1 

Hour 

1% 

Hours 

2 

Hours 

1 

3 

Hours 

Aver 

age 

Result of 
Treatment 

I 

M 

23 

9 mos 

0 86 


125 


121 

103 

1 16 

Improved 

2 

F 

30 

2 3 j rs 

1 06 


1 18 


1 17 

105 

113 

Improved 

3 

F 

39 

3 mos 

0 82 


0 93 


1 30 

1 10 

111 

No improjement 

i 

M 

38 

18 yrs 

0 98 


137 


1 45 

1 36 

139 ' 

Improved 

5 

M 

29 

8 mos 

1 05 

1 67 

1 73 


1 07 

1 16 

1 32 

No improvement 

6 

M 

38 

4 yrs 

084 

1 34 

1 49 


1 29 

1 23 

1 39 

Improved 

7 

M 

26 

6 mos 

099 

1 47 

1 58 


1 44 

0 71 

1 24 

No improvement 

8 

F 

20 

2 mos 

111 





0 94 

1 25 

Recovered 

9 

F 

31 

10 jrs 

115 

! 

1 51 


0 75 

1 19 

115 

Improved 

10 

F 

63 

SO yrs 

109 


1 55 


1 20 

0 94 

1 23 

No improvement 

11 

M 

32 

2 vLs 

099 


187 


1 02 

1 16 

1 35 

Improved 

12 

M 

56 

3 yrs 

0 93 


1 63 


1 73 

0^6 

1 37 

Improved 

13 

F 

55 

6 vLs 

1 28 



117 


1 19 

1 18 

Improved 

14 

F 

61 

5 jrs 

1 05 


1 70 


111 

090 

1 23 

Improved 

15 

F 

56 

1 yr 

1 25 


1 30 


1 70 

1 05 

1 34 

Much improved 

16 

M 

27 

6 yrs 

126 


1 75 


0 95 

0 79 

1 16 

No improvement 

17 

M 

34 

20 jrs 

0 93 


1 39 


1 46 

1 21 

1 ’5 

No improjement 

18 

M 

33 

2 jrs 

110 


1 33 


0 97 

0 74 

1 01 

No improvement 

19 

M 

30 

2 jrs 

0 91 


1 34 


0 69 

0 67 

090 

No improj ement 

20 

M 

26 

4 jrs 

0 95 


1 33 


0 77 

0 77 

0 95 

No improvement 

21 

M 

65 

10 yrs 

1 21 



1 44 


0 91 

117 

No improvement 

22 

M 

40 

6 mos 

1 25 


1 74 


132 

1 11 

1 39 

Improved 

23 

M 

60 

8 mos 

1 00 


127 


106 

1 24 

1 19 

No improvement 

24 

F 

33 

18 mos 

112 ' 

1 



100 


0 80 

09 

Much improved 


Cases in which the Average was 1 4-2 Mg Pfr C c 


25 

F 

29 

10 jrs 

12 


18 


1 17 

1 5 ! 

! 

1 6 

Much improved 

26 

F 

38 

4 jrs 

13 


17 


18 

13 

16 

Much improved 

27 

F 

38 

iVi yrs 

11 


13 


1 8 

175 

161 

Much improved 

28 

M 

20 

8 jvks 

1 1 


1 5 


19 

1 3 

1 42 

Much improved 

29 

F 

37 

2 jrs 


117 

2 04 


1 99 

1 05 

109 

No improvement 

39 

F 

85 

3 mos 

1 12 


212 


217 

1 37 

1 88 

Much improved 

31 

M 

40 

3 yrs 


1 56 

182 


2 54 

1 55 

1 97 

Improved 

32 

F 

32 

1 yr 

0 94 


2 22 


1 97 

063 

1 69 

M icli improved 

33 

M 

54 

7 jjls 


1 83 

2 31 


1 85 

175 

1 97 

Much improved 

34 

F 

34 

3 yrs 

■fa 



210 


1 60 

1 85 

Improjcd 

35 

F 

39 

2 mos 

■ia 



145 


1 46 

1 45 

Much improved 

36 

M 

17 

2 mos 

1 12 

1 47 

187 


1 71 

1 44 

1 67 

Much improved 

37 

F 

28 

6 vks 

104 



1 73 


1 ^4 

1 53 

Rpcoj ered 

38 

F 

48 

20 yrs 

1 0 87 


1 52 


1 67 

1 19 

1 46 

Improved 

39 

r 

60 

1 yr 



1 86 


126 

1 25 

1 45 

Much improved 

40 

r 

35 

2 jrs 

124 


198 

! 

1 61 

1 18 

1 59 

Improved 

41 

F 

24 

1 jr 



158 

! 

153 

151 

1 54 

No improvement 

42 

F 

40 1 

2 JVkS 

088 


162 1 


1 91 

1 64 

1 72 

Much improved 

43 

F 

60 

15 yrs 

110 



175 


1 44 

1 59 

Improved 

44 

F 

28 

4 yrs 

165 


194 


1 54 1 

0 97 

1 48 

Much improved 

45 

F 

58 

8 yrs 

103 


1 67 

1 

1 67 

1 65 

1 66 

Improved 

46 

JI 

23 

7 jrs 



175 



1 50 

1 58 

Much improved 

47 1 

F 

35 

11 yrs 

117 


198 


142 

1 22 

1 54 

Improved 

48 

M 

35 

1 yr 

1 3 ' 


20 


15 

1 4 

1 6 

Much improved 

49 

F 

52 

18 mos 

1 03 


250 



090 

1 7 

Much improved 

50 

F 

45 

2 jjks 

0 95 


2 54 


2 13 

1 22 

165 

Recovered 

51 

M 

45 

10 yrs 

1 17 


216 


187 

0 91 

1 65 

No improvement 

52 

M 

50 

2 yrs 

1 3 


1 5 


2 2 

1 3 

1 6 

Improved 

53 

F 

29 

6 jvks 

1 2 


215 


1 6 

0 95 

1 55 

Improved 

54 

M 

49 

2 yrs 

1 1 


2 2 


1 55 

1 1 

1 61 

Improj’ed 

T ) 

F 

sn 

8 JvkS 

1 3 


2 0 


1 5 

1 4 

1 68 

Much improj'ed 


M 

47 

9 mos 

1 08 


2 20 


168 

1 85 

1 91 

Much improved 

57 

F 

54 

1 jr 

113 


! 

2 27 1 


1 33 

1 80 

Much improved 

58 

M 


8 jrs 

1 12 



2 07 


174 

1 90 

No improjement 

59 

F 

34 

5 jvks 

1 20 


J 53 

i 

2 ’0 

1 41 

1 71 

Pfeovered 

fO 

M 

42 

1 yr 

113 


200 

i 

147 

0 95 

1 47 

Much improved 

61 

M 

30 

5 jrs 

129 


208 


Ki!a 

1 34 

1 83 

Much improved 

62 

M 

47 

7 jvks 

1 08 


2 20 


1 68 

1 85 

1 91 

Much improj ed 

63 

F 

35 

1 jr 

218 


2 20 


1 98 

138 

1 85 

Improved 

64 

F 

20 

1 yr 

1 18 


2 41 


1 92 

1 29 

1 87 

Improved 

n 

F 

26 

8 mos 



2 42 


1 98 

1 36 

192 

Improved 

66 

F 

22 

6 jjks 

■!!!!■ 


200 


KinB 

1 40 

183 

Recovered 

67 

F 

43 

6 mos 

1 


2 2 


1 185 

0 75 

1 (0 

I No improvement 
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TABLE 1 (Continued) —Cases m which the Average was 1 4-2 Mg Per C c 



1 

1 


Dura- 

Fast- 





, 



Case 

Sex 

i 

•ige 

tion 

Before 

Admis 

ing 

Blood 

Sugar 

% 

Hour 

1 

Hour 

Hours 

2 

Hours 

! 

3 

Hours 

Aver- 

age 

Result of 
Treatment 




Sion 









6S 

69 

F 

M 

43 

35 

2^ mos 

2 yrs 

0 95 

0 91 


2 59 

268 

2 11 

111 

1 28 

1 89 
199 i 

No improvement 
No improvement 

70 

M 1 

31 

6 mos 

1 02 


2 35 

! 

20 

1 3 

1 88 

No improvement 

* J. 

i 

36 

6 mos 

1 3 


27 ' 


17 


1 7 

Much improved 

72 

73 

M i 
F ! 

52 

37 

6 mos 

8 yrs 

1 5 

1 25 


25 j 

i 

156 

13 

1 3 
167 

17 

162 

Much improved 
Much improved 

74 

F 

C5 

1 vr 

1 28 


2 44 


1 79 

1 16 

1 79 

Much improved 

Vu 

F 1 

66 

I Many 
jears 

1 yr 

1 02 


206 


1 27 

1 28 

1 53 

Much improved 

76 

M 

34 

0 98 


2 02 


2 17 

1 32 

1 83 

Improved 

TT 1 

F ! 

69 

i 10 jrs 

109 


1 96 


1 56 

1 20 

157 

Improved 

7S I 

F 

53 

2 yrs 

1 45 



191 


1 64 

1 77 

Improved 

79 ! 

M 

36 

i 6 yrs 

12 


21 


2 25 

09 

175 

Much improved 

SO 1 

F 

49 

10 yrs 

1 

1 2 


20 


1 9 

09 

16 

Improved 


Cases in which the Average was Over 2 Mg Per Cc 


81 

F 

26 

[ 

1 7 mos 

1 29 

1 78 

2 7’ 


2 17 

1 79 

2 22 

Recovered 

82 

F 

63 

16 mos 

102 

190 

2 42 


2 27 

1 58 

2 09 

Much improved 

83 

F 

64 

21^ vrs 

109 


217 

i 

2 53 

2 15 

2 28 

Much improved 

84 

F 

22 

6 rvks 

100 


260 


2 90 

210 

2 53 

i Much improved 

So 

F 

35 

4 yrs 

12 


24 


2 5 

1 5 

21 

No improvement 

86 

F 

14 

2 mos 

1 1 


o o 

i 

23 

1 5 

20 

, Recovered 

87 

F 

55 

4 vrs 

1 27 



3 03 i 


3 06 : 

3 0t 

1 Improved 

88 

F 

34 

6 mos 

2 28 


3 71 

2 86 ! 

4 26 

3 92 1 

3 96 

Much impioved 

89 

F 

52 

8 mos 

1 78 


317 


2 59 

1 97 1 

2 57 

Recovered 

90 

F 

64 

0 mos 

1 5 


8 6 


32 

20 

29 

Much improved 

91 

F 



■mh 


3 51 


3 64 

2 51 

3 22 

Much improi ed 

92 

F 

52 

4 yrs 

17 



42 

1 

41 

41 

Much improved 

93 

F 

01 

10 yrs 

1 3 , 


314 


268 

0 86 

2 22 

Much improvea 

94 

M 

45 

18 mos 

22 ! 


4 5 


46 

38 

43 

Much improved 

95 

F 

47 i 

5 yrs 

1 3 j 


26 


30 

1 9 

25 

Much improved 

96 

F 

32 

5 yrs 

1 0 


3 47 



2 75 

311 

Much improved 

97 

F 

42 

1 yr 

14 



21 


19 

20 

Much improved 

98 

M 

57 

4 mos I 



42 


1 4 

0 67 

2 06 

Much improved 

99 

F 

47 

4 vks 

1 1 



2 55 


20 

2 27 

Much improved 

100 

F 

27 

1 yr 

134 


3 70 


3 30 

3 10 

3 37 

No improvement 


Group II and four to Group III It may also be noted that there is 
no correlation between the figures obtained and the duration of the 
illness 

A division of the cases according to sex shows that in Group 1 
fifteen are men and nine women, m Group II, twenty are men and 
thirty -six women , in Group III, two are men and eighteen women 
The women, therefore, have a lower tolerance than the men 

An examination of the urine for sugar during the test was done in 
the earlier cases, but it was found that no glycosuria occurred, even 
when the blood sugar rose above 1 7 mg per c c for a short time, and 
also the urine would show the absence of sugar throughout the test in 
cases showing a rise to 1 7 and remaining near this point for three 
hours The examination of the urine following administration of sugar 
could not be used as a substitute for the blood sugar readings, and as it 
did not provide any additional information bearing on the point in 
question, the examination was not continued 

The Result of Dietetic Treatment — The majority of the patients 
appeared to have received benefit by the treatment described Of the 
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100 patients, eight recovered These cases were necessarily of less 
seventy than the average and had not gone on to permanent joint 
change Forty-three were much improved, twenty-eight were improved 
and twenty-one showed no improvement The improvement showed 
Itself (1) in the objective signs, (2) in relief from the pain and dis- 
tress suffered by the patient, and (3) in improvement m the general 
health In the twenty-eight patients grouped as improved, the result 
was largely subjective without much objective evidence of change in 
the joint The forty-six who were much improved showed change on 
examination of the joint, as evidenced by decreased swelling, decreased 
limitation of movement and relief of muscle spasm In some of these 
cases the improvement was immediate and striking, and no doubt could 
be entertained that it was the direct result of dietetic treatment In 
two cases, a fall in temperature of 2 degrees (to normal) occurred 
within forty-eight hours of instituting treatment As a rule, however, 
improvement set in slowly, starting in three or four days and being 
well marked in two or three weeks After a month of treatment fur- 
ther progress was slow, but it was often marked enough to justify con- 
tinuance of the diet for many months in favorable cases Improve- 
ment in general health was generally a feature of the progress Many 
of the patients suffered especially from some form of chronic dyspep- 
sia, such as eructations of gas, loss or marked increase of appetite and 
abdominal distress These symptoms, with very few exceptions, were 
very much relieved by the dietetic regimen, and sometimes entirely so 
Constipation was present in the majority of the cases, often of a very 
obstinate form, and while at first this symptom might be aggravated 
somewhat, most patients at the end of their course of treatment would 
report at least considerable relief from this symptom Three patients 
were relieved of chronic eczema For the first week or two there was 
almost always some loss of weight In a patient who was overweight 
this was desirable, and he was encouraged to reduce his weight further 
Underweight was found to be no contraindication to the diet, for after 
a loss of from 5 to 10 pounds, no further loss was observed and some- 
times the loss was followed by a gam to the original weight or even 
more Patients who were underweight received as much benefit as did 
those who were overweight 

As to undesirable results of the treatment, one or two patients were 
unable to take milk and some other low diet was substituted One 
patient had nausea and vomiting This patient was found to have a 
hea^y indicanuna and after a diet of vegetables, fruit and bread and 
butter for a week, he was able to continue with the program outlined 
No other ill effects were observed as a result of the treatment 
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These results are summarized m Table 2 A separate tabulation 
of the results with male and female cases shows that females are much 
more suitable for such treatment than males The eight patients who 
recovered were women 

The Relationship of the Sugar Toleiance to the Effect of Reduction 
in Diet — In those cases described as improved, the measure of improve- 
ment IS largely dependent on the statement of the patient and is more 
or less an uncertain quantity These cases, therefore, have been con- 
sidered together with those unimproved for the purpose of demonstrat- 
ing this relationship The recovered cases are considered with those 
much impioved, as these cases showed definite objective changes as a 
lesiilt of the treatment The results are shown m Table 3 


TABLE 2 — Summary of the Results of Dietetic Treatment 



Total 

Male 

Female 

Eficovered 

8 

0 

8 

Much improved 

43 

14 

29 

Improved 

28 

10 

18 

Not improved 

21 

13 

8 


100 

37 

63 


TABLE 

3 — The Effects of Treatment on Cases 
TO the Sugar Tolerance 

Grouped 

According 


Average Blood Sugar Beading 


for Three Hours 


f 

Less than 1 4 

1 4 to 2 

More than 2 ' 

Eecovery or i 

shoving objective improvement 3 (12 5%) 

31 (55 3%) 

17 (85%) 

No objective 

improvement 21 (87 5%) 

25 (44 7%) 

3 (15%) 


TABLE 4 — Analysis or Cases on Basis 

OF Sex 



Less than 14 1 4 to 2 More than 2 

A A , A 


r 

Recovery or showing objective improve- 

Men 

Women 

f 

Men 

' t ' 

Women Men Women 

ment 

0 

3 

12 

19 2 15 

No objective improvement 

15 

6 

8 

17 0 3 


Table 4 shows a similar relationship of the results on the sugar tol- 
erance when the male and female cases are separately analyzed 

These figures show that the response to reduction of diet in an 
arthritic is roughly proportionate to the reduction of the sugar tolerance 
This relationship, however, is not without quite evident exceptions 
Case 100, with an average over 3 3, was a well nourished woman 
without evidence of any focus of infection which might interfere with 
progress, yet no effect of any sort was observed as a result of the 
treatment, and after six weeks she gave it up In Cases 85 and 87 
some relief of symptoms was apparent without any objective change 
Both patients, however, were sufficiently impressed with the value of 
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the treatment to continue with the diet for several months One 
patient (Case 8), who had an almost normal tolerance, showed 
immediate improvement and has had no relapse after eighteen months 
Cases 15 and 24 showed some improvement on examination, but this 
progress, however, was quite less than the average result These cases, 
however, were decidedly the exceptions and it is felt that in a case with 
a low tolerance one is able to offer, with confidence, a good prospect 
of improvement , while, on the other hand, a case with normal tolerance 
seldom showed progress enough to encourage one to recommend this 
form of treatment as a routine procedure 

DISCUSSION 

Many of the factors exerting an influence on sugar metabolism are 
still somewhat obscure, and the clinical significance of the glucose 
tolerance test is as yet uncertain The test was originally introduced 
with the object of detecting the potential diabetic but the occurrence 
of a low tolerance in other conditions has rendered its use for this 
purpose somewhat unreliable when considered by itself A low tolerance 
has also been accepted as evidence of some endocrine unbalance but its 
value here is as yet unproved There is some evidence to suggest that 
a disturbance of the sugar tolerance is associated with infections, as 
suggested by Pemberton and Foster ^ and also by the studies of F M 
Allen ® and others on diabetics Our own experience would bear this 
out In one case a slightly lowered tolerance was converted into a very 
much lowered tolerance by the operation of tonsillectomy, and for three 
weeks the blood sugar remained above 3 for the three hours of the 
tolerance test After four weeks the tolerance test returned to the 
original reaction It is our opinion that this temporary distuibance of 
sugar tolerance was due to a lighting up of the infection at the site of 
the operation As a general rule, the tolerance is increased by removal 
of foci of infection It is reasonable then, to account for the 
lowering of tolerance in arthritis by the presence of an infection, and 
Pemberton suggests that the rationale of his dietetic treatment is that 
he IS catering to a function weakened by infection But, on the face 
of it, it is difficult to believe that in some of the milder causes of 
Group III such a disturbance in sugar metabolism could be brought 
about by the arthritic infection alone 

If the lowering of the tolerance is not the result of the disease 
process, it is quite possible that it is associated with the pathogenesis 
of arthritis Clinical observation would seem to offer some support 
of this hypothesis In one case we were able to produce an acute 
exacerbation of the disease by allowing carbohydrates freely , this was 

6 Allen, F M Unpublished Studies on Diabetes quoted by Sherrill, J W , 
J A M A 77 23 (Dec 3) 1921 
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done three times m the same case Pemberton brought about a similar 
relapse in one of his cases in the same way When the former diet 
of the patients is scrutinized, it is often found to have been unbalanced, 
especially in excess of carbohydrate food, and the frequency of this 
obseivation is such as to suggest that it should be considered as a 
possible cause of tlie condition And, lastly, the results of treatment 
m the present series of cases would appear to have an important bear- 
ing on this point No explanation is sufficient which suggests that the 
treatment is directed simply toward the relief of some secondary 
process, for sometimes the response is so marked and so striking that 
one IS convinced that the diet must be closely related to the origin of 
the disease, and the relationship of the sugar tolerance to these results 
would indicate that this origin is intimately connected m some way 
with the metabolism of carboh3’’drates 

Further discussion of this subject may be speculative, but, perhaps, 
one or two more points may be brought up When various low diets 
were being tried, it was found that reduction of carbohydrates alone 
did not yield the best results, and the diet finally chosen was one which 
Avas not only low in calories but which was rich m vitamin content 
Results Avith this diet appeared to be favorable enough to suggest the 
existense of an actual vitamin deficiency Others, notably Thompson,'^ 
have emphasized the importance of these accessory food factors in the 
diet of arthritics The addition, however, to the patient’s former diet 
of food rich m wtamm was by no means as effective as the combination 
of vitamins with a subcaloric diet, as described, and if a vitamin 
deficiency exists m those cases which received benefit by reduction of 
carbohydrates, it is likely that carbohydrates play some part in the 
production of this deficiency McCarnson ® and Mellanby ® have found 
that carboh3^drate excess is an important factor m deficiency disease, 
and Funk associates vitamin B with carbohydrate metabolism — 
reporting a h3’-pergl3^cemia in beriberi Fmdla3'', Paton and Sharpe 
found a decreased sugar tolerance m a case of rickets McCarnson 
further believes that excess of fats as well as carbohydrates must be 
considered m the production of deficiency disease This fits m rvell 
with our own observations on the dietetic treatment of the arthritics 
who Avere overAveight For m these cases, reduction of fat has always 
appeared beneficial, and, while reduction of fat has not been urged m 

7 Thompson, F G Dietetics in Chronic Arthritis, Practitioner 103 110 
(Aug) 1919 

8 McCarnson, R Studies in Deficiency Disease, London, 1921 

9 Mellanbj^ E Accessory Food Factors in Feeding of Infants, Lancet 
1 856 (April 17) 1920 

10 Funk, C Action of Substances Influencing Carbohydrate Metabolism 
in Experimental Ben Ben, J Phyiol 53 247 (Dec ) 1919 

11 Findlay, L, Paton, D N, and Sharpe, J S Studies in Metabolism of 
Rickets, Quart J Med 14 352 (Juh') 1921 
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those underweight, it has been given in the form of cod liver oil and 
cream in moderation Such a deficiency would also account for the 
relationship of diet with what appears to be a infectious disease, for it 
has been repeatedly found, as pointed out by McCarrison ® and Hess 
that infections leadily light up in deficiently fed animals 

If, then, excess of the energy bearing constitutents of the food may 
induce deficiency disease, especially in the presence of inadequate 
vitamins and protein, and if infections are liable to appear before 
actual deficiency syndromes develop, it is a fair hypothesis that in the 
presence of some focus of infection lack of balance in the diet is a 
cause of chronic arthritis in a large number of cases, and that the 
results reported in this paper are due to measures directed toward the 
correction of this defect 

These considerations are presented with the full appreciation of the 
fact that one phase only of the treatment has been dealt with If 
diet IS a factor in the etiology of this disease, there are likely many 
others, as, foci of infection, exposure, fatigue and other disease 
Influenza was the exciting cause in many of the cases studied, and these 
cases were sometimes among those most favorably influenced by diet 
It is interesting to note that a low sugar tolerance may follow this dis- 
ease (Cowie and Beavan 

No special observations are included as to the value of other therapy 
for the object of the investigation was to study the value of diet alone, 
but after this had been observed, it was found worth while to institute 
other forms of treatment, especially hydrotherapy and physiotherapy 
Foci of infection, when of considerable size, appeared to interfere with 
the favorable effects of diet, and it is recommended that these should 
always be looked for and, if possible, removed before dietetic treatment 
IS started One patient, however, recovered in spite of the existence 
of several abscesses at the roots of the teetli, which the patient had 
refused to have extracted But such infectious foci were found only 
in a minority of the cases, and when removed none of the effects 
reported here could be attributed to this procedure 

The more favorable results, along with the considerably lower 
tolerance in women, might call for some comment This might be 
associated with some fundamental difference m their metabolism, to 
their manner of living, or, perhaps, to their dietetic habits Certainly, 
lack of balance in diet is more frequently found among women than 
among men, especially carbohydrate excess, with an inadequacy of 
protein In this connection, it might be mentioned that reduction of 
protein in chronic arthritis, as is so often practised, appears to be pro- 
ductive of much harm 

12 Hess, A F Newer Aspects of Some Nutritional Disorders, JAMA 
76 693 (March 12) 1921 

13 Co\Me, D M and Beavan, P W Arch Int .Med 24 78 (Julj') 1919 
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CONCLUSIONS 

1 Of 100 cases of chronic arthritis, reduction of diet alone appeared 
to result in the recovery of eight patients and in quite evident improve- 
ment 111 forty-three 

2 The sugar tolerance was decreased in the large majority of these 
cases, and this decrease showed no relationship to the severity of the 
disease 

3 Patients who have a low tolerance are much more frequently 
benefited by reduction in diet than those cases with a normal tolerance 

4 In certain cases of chronic arthritis, dietetic regulation appears to 
be the most effective form of treatment, and while the value of such 
treatment in an individual case cannot be determined with certainty, 
the lowering of the sugar tolerance is a useful clinical indication for 
this procedure 

5 Female patients derive greater benefit from such treatment than 
men, and, as a rule, they show a lower tolerance 



VARIATIONS IN ALIQUOT FRACTIONS OF 
GASTRIC CONTENTS * 

NICHOLAS KOPELOFF 

NE.W YORK CITY 

In a previous paper ^ attention has been directed to the fact that 
single determinations of gastric acidity by the Rehfuss method are 
not sufficient on which to base conclusions, because they do not take 
into account individual variation Another important question which 
arises in evaluating results obtained by this method is whether the 
aliquot fractions aspirated are truly representative of the total gastric 
contents at the time of withdrawal Recently, Goiham^ has shown 
that “the gastric chyme is not, in the majority of instances, a homo- 
geneous mixture after a test meal, and that the acidity of different 
portions may vary widely ” He found on the withdrawal in rapid 
succession of many samples that there was a maiked variation in 
acidity of these samples in subjects having clinical evidence of gastric 
disease Such variations were not so apparent m subjects without 
clinical evidence of gastric disease, although Wheelon® has reported 
some interesting variations in normal subjects 

PART I 

In view of the important beaiing of this observation on the errors 
involved m the Rehfuss fractional method of gastric analysis,^ the 
following experiment was conducted A group of subjects showing 
no clinical evidence of gastric disease were given the standard Ewald 
meal after removal of the fasting contents No further samples were 
aspirated until three-quarters of an hour had elapsed, whereupon the 
entire gastric contents were removed as rapidly as possible by the suc- 
cessn e withdrawal of 10 c c samples This procedure usually required 
ten or fifteen minutes The acidity of the samples was then determined 
in the usual manner by the titration and colorimetric methods ^ The 
results are presented in Figures 1, 2, 3, 4, 5, 6 and 7 Figures 1 to 5 
represent the graphs of psychotic subjects, while Figures 6 and 7 are of 
normal individuals 


* Read at Societi for Experimental Biology and Medicine, Jan 18, 1922 

* From the Department of Bacteriology, Psychiatric Institute of the New 
York State Hospitals, Ward’s Island 

1 Kopeloff, N Indi\idual Variation as Influencing the Rehfuss Fractional 
Method of Gastric Analjsis, J A M A 78 404 (Feb 11) 1922 

2 Gorham, F D Variations of Acid Concentration in Different Portions 
of the Gastric Chime, and Its Relation to Clinical Methods of Gastric Analysis, 
Arch Int Med 27 434 (April) 1921 

3 Wheelon, H Relation of the Gastric Content to the Secretory and 
Motor Functions of the Stomach, Arch Int Med 28 613 (Nov 15) 1921 

4 Editorial Critique of Gastric Analysis, J A M A 77 202 (July 16) 1921 
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TABLE 1 — Variation in 10 Cc Fractions Removed in Rapid Succession 
BY xhe Rliipuss Tube Three Quarters or an Hour Aettr the Meae 


Piitlcnt 

Numbei 

Samples 

M Hr 

7 

M Kn 

7 

M By 

10 

I Sn 

14 

B Kg 

5 

Normal Controls 

M Ma 

11 

c ae 

0 


Cc N/10 
NaOII 
High Pt 

C c N/10 
NaOH 
Low Pt 

Average 

94 

11 

38 

82 

41 

eg 

74 

41 

55 

51 

33 

43 

41 

28 

35 

C3 

35 

51 

C9 

68 

Cl 


Averjigc 
Deviation 
±18 0 
±11 5 
±80 
± 3 'j 
±00 


±70 

±30 


The data have been fuithei suinmaiized in Table 1 It is evident 
that there is a wide vaiiation in the acidity of successive samples taken 
fiomthe same individual For example, m the first subject (M FIi ) the 
vaiiation between the high point (94) and the low point (11) is 83 
Such a sinking diveigence means that theie is a gioss eiior involved 



Fig 1 — The oidinatcs 0-90 lepresent cubic centimeters of tenth normal sodium 
hydroxid per 100 cc of gastiic contents, pn, from 10 to 3 0 the hydro- 
gen-ion concentration measured colonmetrically The abcissae represent the 
number of samples taken, with the final column as an average of the preceding 
acidities The colorless portion of each column represents the free acidity, 
while the light and the shaded portions together represent the total acidity 

in assuming any single sample as being representative of the total 
gastric contents The last column inaiked “average deviation” bungs 
this out mathematically The aveiage deviation is calculated in the 
following mannei The individual readings, such as 94, 19, 11, 45, 34, 
38 and 26, are aveiaged, giving a mean of 38 The first leading (94) 
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deviates from the mean by 56 , the second reading deviates by 19, and 
the third by 27 — and so on The sum of these deviations is 131 
Dividing by the number of instances (7) one obtains the average devia- 
tion, which is ±: 18 In other words, considering the first subject, any 
single sample might be IS more or 18 less than the average of all 
samples — ^which is virtually a range of uncertainty amounting to 36 
Obviously, comparisons or conclusions based on such an uncertain 
method, when the experimental eiror is not calculated or taken cogni- 
zance of, aie open to severe criticism 

It IS scarcely necessary to discuss in detail the results obtained with 
the other subjects, for they merely emphasize in varying degree the 
points already established Suffice it to say, that there was little 
difterence between the normal controls and the psychotic patients having 
a similar acidity In other words, it seems to be generally true that 
in subjects showing a fairly high gastric acidity one is more likely to 
find wider fluctuations than in those having a lower acidity This may, 
perhaps, account for Gorham’s findings, namely, that subjects with 
evidence of clinical disease, show wider fluctuations than the normal , 
and one may really expect that individuals without clinical evidence 
of disease who have a high acidity will also exhibit wide variations 

PART II 

The above experiment explains, m part, the great variety of acidity 
curves obtainable by the fractional method of gastric analysis, and the 
fundamental errors involved in single determinations The fraction 
obtained at any one moment cannot, therefore, be accepted as repre- 
sentative of the total gastric contents, for it is entirely dependent on the 
position of the tip of the tube in the stomach at the moment of with- 
drawal Obviously, this position “is necessarily a constantly changing 
one, due, first, to the change of size and position of the stomach while 
emptying itself through the pylorus, and by aspiration, second, the 
shortening and lengthening of the stomach from gastric contraction, 
third, the peristaltic waves that tend to carry the tube toward the 
pylorus ” 2 The experiment described in Part 1, indicates that the 
gastric contents are not homogeneous, but the method involved is open 
to criticism on the ground that some little time is required to rapidly 
withdraw the successive samples, and that during such lapse of time the 
gastric acidity might actually be undergoing change The following 
experiment, therefore, was designed not only to yield definite informa- 
tion concerning the acidity in different parts of the stomach at the same 
moment, but also to eliminate the lapse of time required in withdrawing 
several samples The following procedure was carried out on three 
subjects, two psychotic patients and a normal individual A Rehfuss 
tube was inserted to a depth of 50 cm (measured from the teeth) 
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Then a second Rehfuss tube was inserted to a depth of 45 cm , and, 
finally, a third Rehfuss tube was inserted to a depth of 40 cm The 
gastric contents of each subject were removed simultaneously through 
all three tubes, by having the operators aspirate the contents at the 
same moment The tubes were labeled and special care was taken to 
have each tube at the proper level before any gastric contents were 
removed The standard Ewald meal was given and as usual, at fifteen 
minute intervals, samples were withdrawn, except that during these 
fractional analyses, three samples were aspirated simultaneously at the 
designated time At the end of the analyses, each subject was given 
a glass of milk containing a small amount of bismuth subnitrate (15 
grains) and a roentgenogram was taken to determine the relative posi- 


TABLE 2 — ^Variation in Acidity of Three Aliquot Fractions of Gastric 
Contents Withdrawn Simultaneously (M McA ) 


Time, 

Total 

Avenge 


3?ree 

Average 



Average 

*4“ 

Hours 

Acid 

Average Deiiation 

Acid 

Average Deviation 

Ph 

Average Deviation 

S' 0 

45 




33 




1 0 





22 

34 

±: 

12 

9 

21 

lii 

12 

1 6 

1 6 

± 

0 

% 

22 




12 




3 4 




30 




18 




25 





7 

20 

± 

8 

0 

10 


7 

54 

38 

~4~ 

11 

% 

39 




18 




30 




39 




27 




29 





22 

33 


S 

14 

20 

"4* 

5 

29 

29 

± 

0 

^4 

69 




38 




22 





50 




30 




24 





28 

61 

± 

15 

18 

29 


7 

21 

22 

± 

01 

1 

74 




51 




17 





63 




42 









21 

53 

± 

21 

14 

30 

± 

14 

25 

21 

± 

04 

IVi 

73 




49 




18 





68 













37 

59 

± 

15 

29 

41 

± 

8 

1 8 

18 

± 

0 

1 V 2 

47 




35 




21 




03 




42 




18 





30 

49 

± 

10 

22 

. 33 

± 

7 

21 

20 


01 

1% 

42 




28 




2 1 




43 




29 




19 





S 

31 

± 

15 

0 

19 

■± 

12 

45 

28 

± 

1 1 

2 

35 




22 




19 





27 

31 

± 

4 

19 

21 

±_ 

1 

20 

20 

Hr 

0 


tions of the Rehfuss tubes maintained at a constant level The acidity 
of the samples was determined m the usual manner by titration and 
colorimetric methods The results of total acidity are graphically pre- 
sented in Figures 8, 9 and 10, and summarized m Tables 2, 3 and 4 
In Table 2, may be found several points of interest Chief among 
these are the wide variations occurring m the total or free acidity of 
the three fractions aspirated at any one time Glancing down the 
second column marked “total acid” it is seen that at the one hour period 
there is a variation from 21 to 74, or an actual difference of 53 This 
IS, pel haps, larger than the differences found at other periods, but 
since the one hour period is ordinarily of special interest, these figures 
are significant In the third column is given the average of the three 
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TABLE 3— Variation in Acidity of Three Aliquot Fractions of Gastric 
Contents Withdrawn Simultaneously (M Hr ) 


Time, 

Total 

Average 

■± 

Free 

Average 



A\ ernap 

-4 

Hours 

Acid 

A^eiage Deviation 

Acid 

Average Deviation 

Pa 

Average Deviation 

r 0 

19 




5 




50 





25 

22 


3 

11 

S 


3 

40 

45 

-4- 

05 


17 




13 









25 




15 




30 





22 

21 


3 

10 

13 


2 

30 

30 


0 


42 




26 




23 





40 




29 




23 





41 

41 


1 

31 

29 


2 

21 

22 


01 

% 

61 




44 




21 





72 




54 




18 





56 

63 

■± 

6 

43 

47 

± 

3 

1 7 

19 

± 

0 2 

1 

70 




48 




19 





83 




66 




1 6 





65 

72 


6 

51 

55 


7 

16 

17 

-f- 

01 

1 % 

79 




60 




17 





71 




5() 




1 7 





62 

71 

± 

6 

48 

55 


4 

1 7 

17 


0 


65 




56 




1 7 





65 




53 




1 6 





48 

59 

± 

7 

38 

49 


7 

1 7 

1 7 

± 

0 


so 




71 









58 




47 




1 7 





51 

63 

± 

11 

43 

54 


12 

1 7 

17 

± 

0 

2 

74 




64 




1 6 





Cl 




63 




1 6 





61 

65 


6 

54 

57 

zii 

5 

1 7 

16 

~f* 

0 


TABLE 

4 — ^\^ARiA'noN in Acidity or Three Aliquot 
Contents Withdrawn Simultaneously 

Fractions of Gastric 
(A' l By) 

Time, 

Total 

Average 

-H 

Free 

Aa crage 



Average ■+ 

Hours 

Acid 

Average Deviation 

Acid 

Average Deaiation 

Pu 

Average Deviation 

F 0 

53 



43 




16 



63 



41 




1 6 



7 

38 ± 

20 

0 

28 

-4~ 

19 

4 5 

2 6 ± 1 3 


32 



27 




21 



32 



23 




1 9 



IS 

27 ± 

6 

13 

21 

± 

5 

o 4 

2 5 ± 0 6 

% 

50 



33 




19 



32 



19 




2 4 



18 

33 ± 

11 

8 

20 


9 

35 

2 6 ± 06 

% 

66 



49 




1 7 



67 



51 




1 7 



28 

54 ± 

17 

19 

40 

± 

14 

30 

21 ± 0 (i 

1 

70 



60 




16 



78 



63 




i o 



59 

69 ± 

7 

44 

56 

-f“ 

8 

1 7 

16 ± 01 

iy4 

78 



64 




1 6 



82 



73 




1 6 



75 

75 ± 

3 

57 

65 

± 

6 

1 6 

16 ± 0 

1% 

79 



64 




16 



79 



62 




1 6 



61 

73 

8 

44 

57 


8 

1 6 

16 ± 0 

1% 

75 



61 




1 6 



78 



66 




1 6 



61 

68 ± 

11 

37 

55 


12 

1 0 

16 ± 0 
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fractions with the calculated average deviation This shows con- 
clusively how large the margin of uncertainty actually is, if one assumes 
any single reading as representative of the total gastric contents at 
any particular moment 



Fig 8 — The ordinates 0-90 represent cubic centimeters of tenth normal 
sodium hydroxid per 100 c c of gastric contents , from 1 0 to 3 0 the hydro- 
gen ion concentration measured colorimetrically The abcissae represent quarter 
hour intervals, and F C=:fasting contents The broken line represents the 
fraction taken from the tube at 50 cm , the dash and dot alternately, represents 
the fraction taken from the tube at 45 cm , the dash and several dots alter- 
nately, represents the fraction taken from the tube at 40 cm , while the solid 
line represents the average of the three fractions taken 



Fig 9 



Fig 10 


Figure 11 brings this point out even more strikingly Usually, the 
higher the acidity, the wider the margin of uncertainty — a generaliza- 
tion already referred to in Part I It is apparent from this graph that 
cur\es of various kinds could be drawn within the shaded area, from 
one designated by Rehfuss isosecretory to one designated hyposecretory 
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This substantiates my eailier contention that a single determination by 
the Rehfnss fractional method of gastric analysis is not sufficiently 
valid on which to base a conclusion ^ It is clearly shown m the data 
here presented, that fractions taken from different parts of the stomach 
are not homogeneous m character, but differ widely m acidity The 
roentgenograms indicate the relative position of the tubes during the 
analyses One of these is shown m Figuie 12 

As might be expected, the free acidity values m Table 2, m general, 
run parallel to those obtained for total acidity But it is noteworthy 
that this does not hold true for pn Here there is much closer agree- 
ment between the three fractions than when acidity is measured by 
titration This means that the buffer salts are of paramount importance 
in the measurement of true gastric acidity This lends further emphasis 



Fig 11 — The points in circles in the shaded area represent the average of 
the three fractions at the time indicated on the abcissae, while the shaded area 
above and below each point indicates the possible range into which the reading 
at that moment might fall 

to the valuable work of Shohl ® and shows how misleading an index 
of gastric acidity a single titration may be 

The other tables bring out m varying degree the facts already 
referred to and do not require a repetition of the discussion It is of 
interest, however, to note that the normal individual (M Me A ) 
exhibited .even wider fluctuations in three fractions aspirated at the 
same time, than the two psychotic subjects (M Hr and M By ), so 
that It cannot be said that the mental status has any particular bearing 
on the point at issue Naturally, various individuals would be expected 
to 'differ with regard to the homogeneity of their gastric contents , 
nevertheless, this experiment indicates that it is erioneous to assume 
that any such homegeneity exists 

5 Shohl, A T Determination of the Acidity of Gastric Contents, Johns 
Hopkins Hosp Bull 31 152 (May) 1920 
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In Tables 2, 3 and 4, a rather interesting phenomenon obtains The 
fraction taken from the tube inserted at 40 cm is almost invariably 
lower in total and free acidity than the fractions taken at a depth of 
45 or 50 cm Furthermore, these samples were totally different in 
physical character — being of a much lighter color often, water-white, 
and containing lesser amounts of starch This is to be expected from 
the work of Prym ® and Sick,'^ who have shown that the acidity of the 
pyloric gastric contents varies considerably from the fundal portion, but 
their methods are not as conclusive as the one herein described, since 



Fig 12 — Relative position of Rehfuss tubes during fractional analysis with 
three tubes 

they did not use more than one tube Very little difference was found 
between fractions obtained at 45 and 50 cm , respectively However, 
the fact that these two fractions are usually m close agreement indicates 
that in that region the stomach contents were, perhaps, of a more 
homogeneous character In plotting the curves of the fractions taken at 
each level, a certain general similarity may be noted, despite the 
recrossmg at numerous points This might seem to indicate that if 
the level of the tube were kept constant, single determinations might 
yield a characteristic curve However, the errors are too fundamental 


6 Prjuu Deutsch A.rch f klm Med 90 310 (June) 1907 

7 Sick Deutsch Arch f klm Med 88 169 (Oct ) 1906 



KOPELOFF— GASTRIC CONTENTS 


127 


to be thus lightly disregarded For despite the similarity in cuives, 
each curve has its peculiar maigin of uncertainty, and thus the pos- 
sibility of obtaining the characteristic curve would be seriously dimin- 
ished In other words, an average deviation of ± 12 for eveiy sample, 
or practically 25 cc, m the fiist subject, implies a wide margin of 
uncertainty 





Figs 13, 14 and 15 — Fractional analysis of stomach contents of a natural 
regurgitator 

PART III 

The problem of determimng whether or not a small aliquot is truly 
representative of the total gastric contents was approached from still 
aUother aspect Through the kindness of Dr William C Garvin, 
superintendent of Kings Park State Hospital, there was transferred 
to Ward’s Island a psychotic patient who could be called “a natural 
regurgitator,” i e, one who could deliver his total gastric contents 
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at will, or on very slight stimulation of the palate This patient gave 
a history of frequent vomiting after meals for which no adequate 
explanation could be given other than that it was an hysterical symptom 
Since admission to Manhattan State Hospital, the vomiting has become 
relatively infrequent and generally occurs only after the patient has been 
visited Several fractional gastric analyses were performed on him 
m the usual way (Figs 13, 14 and 15) Other than the relatively 
low acidity, there is little that is worthy of comment in Figures 13 
and 15, while in Figure 14, the curve is typically isosecretory 

The power to regurgitate at will was utilized to study the homo- 
geneity of the gastric contents The subject was given the standard 
Ewald meal on several different days and instead of removing the 
contents by the fractional method, the total gastric contents were 
regurgitated on the first day after one-quarter hour, the next day after 
one-half hour, and so on, in such a way as to make it possible to plot a 



Fig 16 — Homogeneity of gastric contents Only the total acidity is shown 
The solid line represents the total contents The broken lines represent the 
fractional contents 

curve over the two-hour period, similar m scope to the usual fifteen 
minute fractions taken on the same day A comparison of this curve 
with those obtained by the usual method is presented in Figure 16 
This curve representing the acidity of the total gastric contents 
has a higher initial acidity and a lower final acidity than that ordinarily 
found Furthermore, instead of showing a gradual rise and decline. 
It IS decidedly atypical in starting high and declining steadily These 
peculiarities can scarcely be ascribed to the lapse of time between 
analyses, since the usual fractional method conducted at about the 
same intervals showed no marked changes, and the patient remained 
in about the same physical and mental condition so far as could be 
ascertained While this method of conducting a gastric analysis is 
unusual, it gives a more adequate picture of the subject’s gastric cycle 
of digestion than the routine method in vogue Gorham ^ states that 
“the true fractional analysis necessitates the giving of successive test 
meals and extracting them at different periods ” 
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A feature of some importance was added to the procedure described 
above, namely, an aliquot sample of 10 c c was taken by means of the 
Rehfuss tube immediately prior to the regurgitation of the total gastric 
contents, m fact, the removal of the Rehfuss tube m these instances 
stimulated “natural regurgitation ” The comparison of each aliquot 
with the corresponding total contents is given m Table 5 

In a subject having a rather low gastric acidity, as has already 
been pointed out, large differences could not be expected However, 
it IS significant that there are noticeable differences This fact, together 
with the others mentioned m Parts 1 and 2, serves to complete the 
evidence against the usual technic of the Rehfuss method m which 
it IS assumed that the aliquot withdrawn is representative of the total 
gastric contents, showing that such an assumption has little basis in fact 
While these experiments may appear to be entirely destructive in 
character, nevertheless, certain constructive points have been estab- 


TABLE 5 — Comparison or Aliquot with Corresponding Total Gastric 
Contents Obtained by “Natural Regurgitation” 



Total Acidity in 0 c N/10 NaOH 

Time 

Aliquot 

Total Contents 

1 hour 

49 

41 

1% hours 

37 

22* 

2 hours 

22 

17 


* Some bile present 


lished First and foremost, m using the Rehfuss method, it is essential 
to repeat the analysis until a satisfactory agreement m curves is 
obtained Second, the tube should be kept at a constant level This 
can easily be accomplished by fastening the tube to the cheek by means 
of a strip of surgeon’s adhesive tape Third, the aliquot fractions 
should be as large as possible Fourth, the subject should expectorate 
freely, swallowing as little saliva as possible Finally, the acidity should 
be measured in terms of hydrogen ion and buffer salts, and not by the 
inaccurate titration method in common usage 

SUMMARY 

1 A wide variation was found m the acidity of 10 c c fractions 
withdrawn m rapid succession by means of the Rehfuss tube three- 
quarters of an hour after the test meal was ingested This was 
more noticeable in subjects having high rather than low gastric acidity 

2 By inserting three Rehfuss tubes in one individual and aspirating 
the fractions simultaneously at fifteen minute intervals, it was found 
that there was considerable vanation of acidity in different parts 
of the stomach at the same moment Roentgenograms established the 
relative position of the tubes 
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3 From these data it is shown that widely divergent curves of 
acidity may be plotted which depend entirely on the experimental 
error of the method and not on the subject’s gastric condition 

4 The inadequacy of the titration method and the importance 
of hydrogen ions and buffer salts in measuring gastric acidity is 
indicated 

5 By comparing the periodic “natural regurgitation” of total gastric 
contents with the fractions ordinarily obtained by the Rehfuss method, 
discrepancies are noted 

6 Results obtained by the Rehfuss method may be more validly 
interpreted if (a) the analysis is repeated until a satisfactory agree- 
ment in curves is obtained, (b) the tube is kept at a constant level, 
(c) aliquot fractions are large, (d) little saliva is swallowed, (e) 
acidity IS measured in terms of hydrogen ion and buffer salts 

CONCLUSION 

Aliquot fractions obtained by the Rehfuss method of gastric analysis 
cannot be assumed to represent accurately the total gastric contents 

I am indebted to the individuals who made these experiments possible and 
to the members of the staff for their generous assistance Particular thanks 
are due Dr C 0 Cheney for his many valuable suggestions and help on the 
wards, and to Mr E J Kennedy for his efficient and painstaking work in the 
laboratory 
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HAY FEVER AND ASTHMA William Scheppegrell Philadelphia and 
New York Lea & Febigerj 1922 

This text, pleasingly concise, presents the etiologic relationship of plant 
pollen to hay-fever, and mentions for each state of the United States the 
particular plant pollen seasonally associated with hay-fever Although the 
title implies a discussion of asthma, very little mention of this disease is 
made in the text Th-^ preventive control of hay-fever, and its treatment are 
presented adequately The book is a useful guide in determining the offend- 
ing pollen, and in the treatment of hay-fever patients 

MANUAL OF CLINICAL LABORATORY METHODS C L Cummer 
Philadelphia and New York Lea & Febiger, 1922 

This IS a convenient laboratory manual, systematically presented, and 
adequately describes the present methods essential for good clinical labora- 
tory work That portion of the text concerned with the blood includes direc- 
tions for the usual cytologic examinations, serologic and bactenologic tests, 
and also for the quantitative estimation of many of the chemical substances 
of the blood, such as sugar, urea, total nonprotein nitrogen, creatimn, uric acid, 
alkaline reserve, chlorids, and oxygen There are chapters describing the 
methods for urine analysis, the examination of gastric and duodenal contents, 
of feces, sputum, body fluids, and also for bactenologic examinations This 
book meets the needs of any clinical laboratory worker, and of physicians who 
desire interpretation of laboratory reports 

BACTERIOLOGY GENERAL PATHOLOGICAL, INTESTINAL A I 
Kendall Philadelphia and New York Lea & Febiger, 1921 

Kendall’s revised bacteriology (Ed 2) needs little introduction as a refer- 
ence text to advanced students of bacteriology As a text for courses in bac- 
teriology to medical students and to students of general bacteriology, it deserves 
favorable consideration The revision has brought into the text discussion of 
certain pathogenic bacteria which during the war became especially important 
Entire sections of the book are rewritten and extensive changes or additions 
made to nearly every chapter A section discussing gastro-intestinal bac- 
teriology IS a distinctive feature of this book 

THE VITAMINS By H C Sherman, Professor of Food Chemistry, Colum- 
bia University, and S L Smith, Specialist in Biological and Food Chem- 
istry, U S Department of Agriculture New York The Chemical Catalog 
Company, 1922 

This book combines scientific accuracy with, simple diction, so that it can 
be studied with ease and profit by the educated layman and by the doctor who 
left school before the recent discoveries in the vitamin field of nutrition The 
first chapter contains an excellent historical review of the development of 
knowledge of the vitamins and their role m health and disease The fol- 
lowing three chapters deal in detail with the antineuntic, the antiscorbutic, 
and the fat soluble vitamins, respectively The final chapter deals with the 
very important subject of vitamins in our ordinary foods There are good 
subject and authors’ indexes, and a bibliography of 1,000 titles, for those who 
have the time and the inclination to consult the original publications The 
authors are men of recognized attainment in the field of food and nutrition 
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The book is one of the best, if not the best, written on the timely subject 
of the vitamins It will help to allay the hysteria that now threatens to develop 
on the subject of the vitamins and vitamin deficiency diseases, a hysteria 
brought on by baseless claims of vitamin deficiency in our common food, and 
generously nursed by vitamin proprietary purveyors 

NERVE EXHAUSTION By Maurice Craig, CBE, MD (Cantab), 
FRCP (Lond ) , Physician for and Lecturer in Psychological Medicine, 
Guy’s Hospital Late Examiner in Diploma for Psychological Medicine 
Cambridge University 148 pages Philadelphia, Lea & Febiger 1922 

The outstanding features of this book are common sense and simplicity In 
spite of his undoubted possession of perfect knowledge of modern psycho- 
pathologic lingo, the author expresses his ideas m plain English, even avoid- 
ing such terms as neurasthenia and psychasthenia Nerve exhaustion is dis- 
cussed under five principal headings causation, symptomatology, sleeplessness, 
diagnosis and prognosis, treatment According to Craig, there is nothing hap- 
hazard about fatigue and it is our duty to discover the rules governing its 
occurrence His discussion of the hypersensitive, precarious child and its 
management if read not only by physicians, but by teachers and educated 
parents would be most helpful m the prevention of nervous invalidism His 
ideas on gastro-intestinal hygiene may sound a little revolutionary to most 
Americans with whom “regulation” of the bowels has almost become a national 
duty We are told that a tendency to looseness of the bowels is much more 
harmful to the nervous system than constipation He does admit that “colitis” 
IS usually associated with constipation, but adds that it is common in highly- 
strung persons and that “it is wise to focus the treatment as little as possible 
upon the condition, as the psychical effect of doing so may be both great 
and lasting ” In commenting on the comparative frequency of nervous 
exhaustion following surgical operations he deplores the tendency to unneces- 
sarily violent purging just before operations The author evidently has care- 
fully studied the Freudian Philosophy — and finds it wanting He does not 
believe that sexual conflicts and suppressions are of necessity the cause of 
psychoneuroses He is also impressed with the harm frequently done to 
patients by psychoanalytic treatment Altogether we can heartily recommend 
this book to physicians no matter what line of work they may follow, as it will 
enable them to understand better the one subject common to general prac- 
titioners and specialists alike — the patient himself 
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THE ABSORPTION OF DIGITALIS IN MAN ‘- 
CARY EGGLESTON, MD, and JOHN WYCKOFF, MD 

NEW YORK 

Different samples of digitalis vary widely in their therapeutic 
effectiveness when given orally to man, and the development of biologic 
methods for the assay of digitalis shows that diffeient specimens of 
the drug also vary greatly in activity on the animal heart, the most 
active being at least three times as potent as the weakest specimen 
This wide divergence in activity was believed to account for the observed 
variability m the therapeutic efficiency of the drug, and it was hoped 
that the general adoption of one or another method of biologic assay 
would eliminate the uncertainty of therapeutic effects While this 
has not been accomplished, it is now unusual for the therapeutist to 
find a very weak specimen of digitalis, and it is exceptional for the 
most active specimen to exceed the weakest by more than 50 per cent 
The average high grade digitalis of the present time is generally a 
fairly trustworthy therapeutic agent, but there still remains a con- 
siderable range in activity of the drug in man and several striking 
instances of the therapeutic failure of presumably excellent samples 
have come to notice 

The literature on the absorption of digitalis in man is meager, but 
it has been shown ^ that the galenical preparations of digitalis are 
absorbed from the human alimentary canal with sufficient uniformity 
to permit the establishment of an average total therapeutic require- 
ment of the drug The validity of this average requirement has been 
confirmed by several investigators,^ and for samples of digitalis from 
various sources and of widely divergent activity It was also shown ^ 
that both digitalis and digitoxm are usually absorbed promptly from the 
digestive tract, but no attempt was made to determine the exact rate 
of their absorption, although the evidence indicated that it was essen- 
tially completed within about six hours after administration 

* Read before the New York Academy of Medicine, Jan 19, 1922 

* From the Department of Pharmacology, Cornell University Medical Col- 
lege, The Second Medical (Cornell) Division and The Third (New York Uni- 
versity) Division of Bellevue Hospital 

1 Eggleston, Cary Digitalis Dosage, Arch Int Med 16 1 (July) 1915 

2 Robinson, G Canby Rapidity and Persistence of the Action of Digitalis 
on Hearts Showing Auricular Fibrillation, Am J M Sc 159 121, 1920 
White, S Marx, and Morris, R Edwin The Eggleston Method of Admin- 
istering Digitalis, Arch Int Med 21 740 (June) 1918 
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Cohn, Fraser and Jamieson ® pointed out the importance of a flat- 
tening or inversion of the T wave of the electrocardiogram as an 
early sign of the action of digitalis on the human heart Cohn ^ and 
White and Sattler® have emphasized the constancy and very early 
appearance of a prolongation of the conduction time following the 
therapeutic use of digitalis Pardee ® has confirmed the importance 
of the lowering of the T wave as an evidence of the action of digitalis 
on the heart and has employed it in an investigation of the rate of 
the absorption of the drug by man He gave doses of one half to two 
minims of the tincture per pound of the patient’s body weight to nine 
patients and found that the action on the heart muscle as shown by 
the change m the T wave began in from two to four hours and reached 
Its maximum at the sixlh or seventh hour He says that the beginning 
change in the T wave was noticed by the second hour in three patients, 
but that it might have been observed in others had more records been 
taken at that hour 

Robinson ^ studied the action of single large doses of the tincture 
of digitalis in a series of carefully controlled cases with auricular 
fibrillation and observed that the first effects in sixteen cases made 
their appearance in from two to five hours after the administration 
of the drug by mouth He employed as the criterion of beginning 
action the appearance of definite reduction m the ventricular rate, 
which progressed on subsequent observation Although the magnitude 
of the dose, the type of patient, and the index of digitalis absorption 
and action on the heart mechanism were all different from those in 
Pardee’s series, Robinson’s observations confirm those of Pardee with 
leference to the rapidity and comparative uniformity of absorption 
of digitalis from the human ahmetary canal 

The observations reviewed are not in harmony with those recorded 
by Wedd’’ He employed two assayed preparations of the tincture 
(cat method) and gave daily doses of from 8 to 12 c c , usually 10 c c 
One tincture, having a cat unit of 111 mg , was given to five patients as 
follows The first patient took 72 c c , or 0 52 cat unit per pound with 

3 Cohn, A E , Fraser, F R, and Jamieson, R A The Influence of Digi- 
talis on the T Wave of the Human Electrocardiogram, J Exper M 21 593, 1915 

4 Cohn, A E Clinical and Electrocardiographic Studies on the Action of 
Digitalis, J A M A 65 1527 (Oct 30) 1915 

5 White, Paul D , and Sattler, R R EflFect of Digitalis on the Normal 
Human Electrocardiogram, J Exper M 23 613, 1916 

6 Pardee, H E B Rate of Absorption of Digitalis from Gastro-Intes 
tinal Tract, j A M A 75 1258 (Nov 6) 1920 Principles of the New Method 
of Administering Digitalis, New York M J 110 1064, 1919 

7 Wedd, Alfred M Observations on the Clinical Pharmacology of Digi- 
talis, Johns Hopkins Hosp Bull 30 131, 1919 

8 All statements of dose m terms of cat unit refer to the fraction of a cat 
unit per pound of the patient’s body weight 
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the production of nothing but slowing of the pulse while at rest in 
bed The second patient took 115 cc, without clinical effect, or a 
total of 0 80 cat unit The third patient took 0 67 cat unit, or 101 c c 
with very slight slowing and no toxic effects The fourth patient showed 
marked reduction in the pulse rate, but no toxic symptoms after a 
total of 137 c c , or 0 87 cat unit, and the fifth patient showed similar 
effects aftei 149 c c , or 0 95 cat unit Although this sample of digitalis 
was of approximately average activity on the cat, it is evident that it 
was therapeutically unsatisfactory, either due to poor absorption or to 
unusually rapid elimination 

The second tincture Wedd used was 30 per cent more active on 
the cat than the first and gave better therapeutic response, although 
the range of total dose required varied within wide limits Some 
patients took from two to nearly four times the average total dose, 
as determined by Wedd in twenty-two patients, without marked 
intoxication Wedd concludes that the inefficiency of the first tincture 
was due to delayed absorption from the alimentary tract, the cause 
of which IS unknown He says, as a result of his use of these 
two tinctures m twenty-seven patients, ‘Tt is evident, however, that 
biologic standardization showing approximation to theoretic strength 
IS no guarantee of the clinical efficiency of a given preparation of the 
drug Individual power of absorption for a given tincture appeared 
to be quite uniform, so variation in toxic dosage is due to variation in 
individual tolerance for the drug'’ He says, further, “No constant 
relation between the amount of digitalis that could be given and the 
age or body weight of the patient or the condition of the myocardium 
could be discovered ” We will return to these statements subsequently 

Wedd also found that the first definite effect of digitalis on the 
heart was a lowering or inversion of the T wave of the electrocar- 
diogram In one patient this effect began after 16 c c , of the first 
tincture was taken, and in the remaining four an average of 34 c c 
was required before any definite change could be detected The second 
tincture showed beginning changes m the T wave after 10 c c , or 
less in most cases, indicating that the first tincture was absorbed 
much less rapidly than the second Several other instances of speci- 
mens which were poorly absorbed and therapeutically unsatisfactory 
have also come to our attention and have been referred to elsewhere 

Prior to the appearance of Wedd’s paper Hatcher^® had been 
studying the extraction of digitalis with a view to obtaining a satis- 

9 Eggleston, Cary The Absorption of a Digitalis Body, JAMA 75 
463 (Aug 14) 1920 

10 Hatcher, R A Some Observations on the Pharmacology of a Digitalis 
Body, J A M A 75 460 (Aug 14) 1920 Standardization of Digitalis, J Am 
Pharm Assn 8 913, 1919 
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factory preparation for intravenous use and had found that the active 
principles of the drug were readily separable into two fractions by 
extraction of the aqueous extract with chloroform He found that 
the fraction which was soluble in chloroform bore close resemblances 
to digitoxin both chemically and pharmacologically and was readily 
absorbed from the alimentary tract of the cat The water soluble 
remainder, or the chloroform insoluble fraction, on the other hand, 
resembled digitalein pharmacologically and was both poorly and irreg- 
ularly absorbed from the alimentary canal of the cat Both fractions, 
however, when tested pharmacologically produced typical digitalis 
actions Hatcher found that the relative proportions of these two 
fractions varied widely in different samples of digitalis, although 
technical difficulties have so far prevented the elaboration of a satis- 
factory method for the accurate quantitative determination of the 
relative proportion of the fractions Nevertheless, several therapeuti- 
cally unsatisfactory samples of digitalis were examined and found to 
contain decidedly smaller relative proportions of the chloroform soluble 
fraction than were present in the average specimens This would 
account for the poor absorption of these specimens by man, provided 
that in man the two fractions show differences in absorbability similar 
to those shown in the cat 

The findings reviewed show (1) that most high grade digitalis 
commercially available is absorbed from the alimentary tract of man 
with a fair degree of uniformity — at least sufficient to permit the estab- 
lishment of a satisfactory average therapeutic requirement, (2) that a 
considerable proportion of a single large dose may be absorbed within 
from two to four hours, (3) that the absorption of a single dose is 
generally completed within from six to eight hours , (4) that specimens 
of digitalis are sometimes encountered which, while biologically of 
satisfactory activity, are therapeutically unsatisfactory apparently on 
account of slow and poor absorption, and finally, (5) that digitalis is 
easily separable into a chloroform soluble fraction which is readily 
absorbed from the digestive tract of the cat and a chloroform insoluble 
portion which is slowly and poorly absorbed The last finding suggests 
an explanation of the unsatisfactoiy clinical results yielded by some 
samples of digitalis Therefore it seemed advisable to undertake an 
extensive remvestigation of the whole matter of digitalis absorption 
m man, especially in view of tlie observations of Hatcher on the two 
fractions obtainable from the drug This was begun in 1919 and a 
preliminary report was published in 1920® an which evidence was 
obtained as to the relative absorbability m man of the chloroform 
soluble and the chloroform insoluble fractions Certain of the observa- 
tions presented in that report will be reviewed in connection with the 
discussion of the results of the investigations about to be detailed 
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At present we desire to emphasize the fact that the chloroform soluble 
fraction was shown to be absorbed from the digestive tract of man 
at least as rapidly as are the best tinctures, and its absorption was 
shown to be more nearly uniform than that of different tinctures The 
chloroform insoluble fraction was shown to be absorbed very poorly 
by man The similarity m the behavioi of the cat and man toward 
the absorption of these two fractions was thus established Finally, 
a working average dose of the chloroform soluble fi action was estab- 
lished which enabled us to proceed at once to the determination of 
the rate of its absoiption aftei the oral administration of large single 
doses, or of large doses given in two or three fractions at short intervals 
of time 

METHODS AND SCOPE OF INVESTIGATIONS 

Patients suffering from various degrees of cardiac failure, and a 
few without clinical evidences of failure, were selected to exclude all 
who had been receiving digitalis m any form oi m any dose within two 
weeks of the beginning of observation All patients were placed on an 
arbitrary fixed regimen which included confinement to bed with the head 
elevated, a simple semisohd diet, and when edema or anasarca was 
present the daily fluid intake was limited to between 1,000 and 1,500 
c c , except when the Karrel diet was deemed necessary The patients 
were weighed before the administration of digitalis and at intervals 
during and after its administration, an effort being made m every 
patient with edema to secure his weight after the disappearance of all 
edematous fluid In patients with edema the initial dose was calculated 
on the body weight after deduction of the estimated weight of edema 
fluid Whenever the patient’s condition permitted, he was given a 
period of rest in bed on the fixed regimen for from three to five days 
before the digitalis was administered Whatever dietary prescription 
was adopted in any patient was maintained until the period of initial 
observation of the effects of digitalis was completed Occasional doses 
of codem, morphm or a simple laxative were required, but aside from 
these no other drug therapy was permitted 

All patients were examined by one oi both of us at frequent intervals 
before and during the course of treatment and the patient’s condition 
was described as accurately as possible At least one control electro- 
cardiogram was made of all but seven patients shortly before the 
administration of digitalis Within from one half to three hours follow- 
ing the initial dose of digitalis, electrocardiograms were taken hourly, 
with few exceptions, for from four to seven hours 

Digitahs In order to make comparisons we employed four different 
lots of the chloroform soluble fraction, which we have termed for con- 
venience, “purified tincture ” These were prepared and supplied to us 
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by Dr Robert A Hatcher in the form of a solution of the chloroform 
soluble substance in 60 per cent alcohol of such strength that 1 c c of 
the purified tincture represented one cat unit in activity These purified 
tinctures were derived from many different specimens of digitalis, as 
follows P T 3-18-20 consisted of a repurified mixture of many 
specimens of the purified chloroformic extract prepared in diffeient 
ways from a variety of specimens of digitalis leaf P T 7-23-20 was 
prepared from the powdered leaf from which the galenical tincture 
H was made P T 8-19-20 was also prepared from the same leaf as the 
preceding, but efforts made to repurify this specimen yielded one which 
was weaker than the ordinary purified — an unusual result P T 12-30-20 
was a mixture of twenty-five different specimens which were purified 
with a view to the removal of traces of chlorophyl, volatile oil and of 
saponin 

For comparison with these we used two samples of galenical tincture 
of digitalis, S, being a specimen which in the hands of others had proved 
therapeutically unsatisfactory Tincture H was made from a leaf which 
on examination had yielded a relatively very low proportion of the 
chloroform soluble fraction Both specimens were biologically of good 
activity 

Preparation and Standardization of Purified Tincture The active 
substance of the purified tincture is obtained in the simplest way by 
infusing the powdered digitalis with cold water, shaking this with chloro- 
form, distilling the chloroform, washing the residue with petroleum 
ether, and drying The yield by this method is smaller and a larger one 
can be obtained by infusing the powdered digitalis with from seventy-five 
to 100 parts of hot water, shaking the infusion several times with 
chloroform, washing the chloroform with distilled water, and proceeding 
as described 

Since the preliminary report Hatcher has found that the chloroform 
soluble extract contains a large proportion of a digitalis body which is 
very rapidly eliminated after intravenous injection into the cat, and 
which does not correspond to any digitalis body hitherto described Its 
action IS so fleeting that it probably does not participate in the thera- 
peutic action of the purified tincture of digitalis, though it does par- 
ticipate in the action following intravenous injection For clinical use 
by oral administration the purified tincture is standardized as follows 

About 75 per cent of that dose which causes death in the cat when 
injected intravenously at once is administered intravenously to each of 
se^eral animals After an interval of three hours (during which prac- 
tically all of the rapidly ehmated substance is excreted) the amount of 
ouabain required to cause death by intravenous injection is determined 
The difference between the amount of ouabain required in such an 
experiment and that required to kill a normal animal of the same weight 
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IS equivalent to that portion of the previously injected purified tincture, 
the action of which persists The following calculation illustrates the 
method A cat weighing 2 kg received 1 5 c c of the purified tincture 
intravenously , after three hours it required 50 per cent of the average 
fatal dose of ouabain to cause death, hence the action of 50 per cent of 
the average fatal dose of the purified tincture persisted Since 1 5 c c 
represented 50 per cent of the fatal dose by this method, it follows that 
3cc,orl5cc per kg of weight, would represent 100 per cent of the 
fatal dose in terms of the substance having a persistent action There- 
fore 1 5 c c of this purified tincture would represent one cat unit as 
determined in this manner, which Hatcher terms for convenience the 
“slow combined ouabain method” of assay 

The cat unit of the purified tinctures standardized by the slow com- 
bined ouabain method, therefore, repiesents the activity of that portion 
only which has a persisting action, the rapidly eliminated portion having 
been excluded from consideration All of the purified tinctures used in 
the present study were standardized in this manner 

REPORT OF CASE 

The following abstract of a typical case will serve to illustrate the 
method of study in detail 

G F (Fig 1), male, aged 56, bartender, was admitted to the hospital 
April 2, 1921 Discharged April 14 — improved 

Chief Complaints on Admission Shortness of breath, cough, and swelling 
of legs 

Family Histoiy Father died of heart disease at 76 

Past Histoiy Yellow fever twenty-one years ago, acute arthritis in right 
shoulder and both elbows seven years ago Denies venereal infection 

Habits Has used alcohol to excess, especially during the past two years 
Drank half a gallon of coffee daily until two months ago Smokes heavily 

Piesent Illness — This began gradually eight months ago with dyspnea on 
exertion only This became worse, and dyspneic attacks began to occur with- 
out exercise, usually at night For the past six weeks he has suffered from 
nocturnal orthopnea With the increasing severity of the dyspnea there has 
developed a sensation of fluttering about the heart His legs began to swell 
SIX weeks ago The conditions have all grown gradually worse up to time of 
admission 

Physical Examination — Patient is a large man, very cyanotic, dyspneic and 
orthopneic Veins of neck not visibly distended Lungs show signs of con- 
gestion at both bases Heart Apex beat not visible, point of maximum 
intensity in sixth intercostal space 12 cm to left of midline Dulness extends 
4 cm to right of sternal margin in second intercostal space No murmurs are 
present Heart sounds are of poor quality, and the rhythm is totally irregular 
Rate at apex — 142 Pulse Radial arteries sclerosed, pulse totally irregular, 
rate 120 Abdomen Adipose and pendulous , no ascites detected Liver edge 
palpable 5 cm below free border of ribs, tender but not pulsating klarked 
edema of legs and scrotum 

Laboiatoiy Examination — Blood Wassermann test negative Urine Trace 
of albumin and a few casts 
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Tieatment — Patient was confined to bed and provided w th a back rest The 
diet was semisolid with the fluid intake restricted to 1,000 cc per twenty-four 
hours A single dose of purified tincture of digitalis 12-30-20 amounting to 
115 cc was given at 12 45 p m, April 5 

Clinical Course — ^April 4 With rest m bed and restricted fluid intake 
patient’s edema has diminished He is still dyspneic and orthopneic and some 
edema persists m legs 

April 5 12 noon Patient’s condition practically as on April 4, says he 

feels a little better Liver edge as before Still some edema of legs and some 
dyspnea and orthopnea 

April 5 5 30 p m Patient says he feels much better He is less dyspneic 

and IS able to lie nearly flat without discomfort There is no nausea or vomiting 
April 6 There is no pulse deficit today His general condition is much 
improved Is able to he flat 

April 7 Liver is no longer definitely palpable, but there is still some ten- 
derness in right hypochondnum Edema has entirely disappeared 

From this time on patient continued to improve until discharged Figure 1 
shows some of the events in the course of his treatment 

More than seventy patients were studied in the manner just described 
before the investigation was brought to a close No analysis of the 
results was undertaken until this time and it was found that, for one or 
another reason, usually some omission of data, a number of the 
records had to be discarded The records of fifty-two courses of 
administration to fifty-one patients remained, in which the data were 
sufficiently complete, and it is on these that the present paper is based 
Space does not permit the presentation, even m brief abstract, of the 
records and we have resorted instead to the preparation of several tables 
in which the details are presented in a form more readily available for 
study and analysis In every instance we analyzed the electrocardiograms 
without knowing the preparation of digitalis which the patient received, 
the dose given or the time of its administration in order to avoid any 
unconscious bias, especially in view of the fact that our preliminary 
work had indicated a more rapid rate of absorption for the purified 
tinctures than for the galenical 

Tables 1 and 2 show the nature of the earliest effect which was 
observed following the administration of the digitalis , the dose which 
produced this effect, expressed in terms of a fraction of a cat unit per 
pound of the patient’s body weight, the time in hours at which the 
first effect was manifested, measured from the time of the administration 
of the drug, the nature of the phenomena evident at the time of 
maximal therapeutic effects, and the dose and time at which these 
developed just as in the case of the earliest effects When more than 
one dose of digitalis was administered during the period of observation 
covered in the table the time is taken from the administration of the 
first dose In all of the patients receiving the purified tinctures the 
first effects followed a single dose, and while this was also true in many 
of those receiving a galemcal tincture, in some two or more doses were 
administered before any effects were demonstrable Table 1 includes 
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only tliose patients showing sinus rhythm, while the same types of 
observations aie presented m Table 2 for the group of patients having 
auricular fibrillation 

It will be noted that we have not limited ourselves to any single 
phenomenon, or to any small group of phenomena, for the determination 



Fig 1— Chart showing course of events in patient 42, with auricular fib- 
rillation At 12 45 p m, April 5, 1921, a single dose of 115 cc of purified 
tincture of digitalis 12-30-20 was administered— indicated by the black square 
on the chart 


of the onset of earliest digitalis effects, but instead have recorded the 
first definite digitalis effect which made its appearance This was done 
because it was our object to determine the very earliest evidence of 
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digitalis action as an index of the rate of the absorption of the drug, 
and since the earliest manifestation is not always the same we felt that 
tire adoption of a limited number of criteria would lead to erroneous 


TABLE 1 — Showing the Initial and the Full Therapeutic Effects Produced 
WITH THE Doses Producing Them and the Times of Their Appearance, 

FOR Patients with Sinus Rhythm 




Oat Time 
Units in 


Oat 

Units 

Time 

in 

No 

Initial Eflects 

per Lb Hours 
Purified Tincture 

Pull Therapeutic Effects 
Digitalis No 3-18-20 

per Lb 

Hours 

1 

Lowered T2 

-4-0 006 1 

Vomiting 

0150 

42 

2 

Lo^\ered T2 and TS 

0 007 ±2 

Slowing, T2 diphasic, premature 
contract 

0 088 

4 

3 

Slight slowing 

0064 1 

Increased P B 

0 095 

4 

4 

Increased P R 

0 056 1 

Slowing, diphasic T2, increased 
PR 

0 056 

3 

5 

Lowered T2 

0 059 1 

Slowing, diphasic T2, increased 
PR 

0 059 

5 

6 

7 

Slight slowing 

Slight slowing 

0 061 1 

0 061 1 

Ohnical improvement 

No record 

0104 

48 

8 

No preliminary obsera ation Lowered T2, increased P R 

Purified Tincture Digitalis No 12-30-20 

0 073 

5 

9 

Loaaered T1 

0 051 1 

No further effects 

i 


10 

Lowered T2 

0 039 1 Lowered T2, clinical improve 

ment 

Purified Tincture Digitalis No 7-23-20 

0 059 

5 

11 

Slowing, lowered T2 

0 051 1 

MarLed slowing, T2 diphasic, in- 
creased P R 

0092 

5 

12 

Slowing increased PR 

0 040 2 

Pmesis 

0 0^3 

5 

13 

Lowered T2 increased 

P B 0 045 1 

Slight nausea, further slowing, 
inversion T2 

0 090 

5 

14 

Slowing, lowered T2 

0 052 1 

Purified Tincture 

MarLed slowing removal of pro 
mature contr ict 

Digitalis No 8-19-20 

0 085 

4 

15 

Lowered T2 

0 046 1 

Diphasic T2, dropped heats, 
slowing 

0 070 

4V4 

10 

Lowered T2, slowing 

0 050 1 Inverted T2, auricular fibrilla- 

tion ventricular paroxjsm, 
tachycardia, coupled rhythm, 
nausea, vomiting 

Tincture Digitalis No S 

0 082 

5-1- 

17 

18 

Coupled rhjthm, prema-+0118 7 

ture contract 

Increased P R, lowered T2 0 118 5 

Slowing 

Single dose 

0 253 

50 

19 

Lowered T2, premature 
tract 

con 0 117 2% 

Nausea 

0173 

IS 

20 

Lowered T2 

0122 1 

Vomiting, marLed clinical im- 
provement diuresis, slowing 

0 390 

84 

21 

Slowing, lowered T2 

0 100 5 Slowing, lowered T2, slight clin 

leal improvement 

Tincture Digitalis No H 

0170 

26 

22 

Slight slowing lowered 
increased P R 

T2, 0 060 2 

Nausea, lowered T2, increased 
PR 

0144 

49 

23 

Increased P-R, loavered 

12 0 057 3 

Emesis, slowing, T3 diphasic 
increased P R 

0 260 

74 

24 

Slowing, lowered T2 

0 078 3 

Slownng premature contract , 
clinical improvement 

0 260 

42 

25 

Lowered T2 slowing, 
creased P R 

in 0 100 3 

Further slowing, increased P R, 
lowered T2 

0100 

7 


results Where two or more phenomena appeared simultaneously they 
are recorded Slowing was usually determined from the electro- 
cardiograms rather than from counts of the pulse or heart beat 

The cases are numbered serially through Tables 1 and 2 and the 
numbers correspond to those appearing in subsequent tables 
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In Cases 2 and 8, in which no control electiocardiogiams were taken, 
the lowenng of the T wave recorded was determined by comparison 
with the first lecoid taken, which was obtained in both instances one 
houi after the initial dose of digitalis 

ANALYSIS OF OBSERVATIONS 

Definite initial eflfects of digitalis were recoided in thirty-thiee cases 
leceiving the puiified prepaiations, fifteen being patients with the sinus 
ihylhm, and eighteen with auricular fibrillation These aie shown in 



Fig 2 — Chart showing course of events in patient 11, witli sinus rhythm 
L A, aged 30, married Rheumatism at 12 and frequently since First symp- 
toms of heart failure six years ago In hospital with heart failure in 1914 
and 1920 Admitted this time Nov 27, 1920 Apical impulse visible and 
palpable sixth space at anterior axillary line Double murmur at both base 
and apex Diagnosis Rheumatic heart disease with aortic insufTicicncy, mitral 
stenosis and insufficiency Heart failure of the congestive type Rest in bed 
on back rest Salt-free diet, fluids limited to 1,000 c c Purified tincture digi- 
talis 7-23-20 was given Dec 7, 1920, as follows See at 12 30 p ni , 2 c c 
at 2 30 p m , and 2 c c at 4 30 p m 

Table 3 In Ihiee of the foui lemaining cases prehminaiy control 
lecords were not obtained The fourth patient, while presenting definite 
auricular fibrillation, showed no evidences of heart failure othei than a 
slight pulse deficit His control electrocardiogram, taken the day before 
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the administration of digitalis, showed a lower ventricular rate than any 
recorded before the fourth hour after the administration It was, there- 
fore, impossible to assign the time of beginning effects with accuracy 


TABLE 2 —Showing the Initial and the Full Therapeutic Effects Produced, 
WITH THE Doses Producing Them and the Times of Their Appearance, 

FOR Patients with Auricular Fibrillation 





Cat 

Time 

Cat 

Time 




Units 

m 

Units 

]n 

No 

Initial Effects 

per Lb 

Hours 

Pull Therapeutic Effects per Lb 

Hours 



Purified Tincture 

Digitalis No 3-18-20 


20 

No E K G 




Slowing, removal of deficit, dm- 0 144 

-t-24 






ical improvement 


27 

Eemoved deficit, slowing -1-0 073 

2 

Clinical improvement, slowing 0112 

24 

28 

Slight slowing, vomiting 

0 058 

2% 

Pronounced slowing, vomiting 0 084 

3% 

29 

Slowing, clinical improve- 

0 060 

1 

Single dose 



ment, lowered T2 

No E K G 






SO 




Marked chmeal improvement 0133 

35 

31 

Slowing, clinical improve- 

0 058 

2 

Single dose 



ment, reduced deficit 
Indefinite 






32 




Slowing, pulse deficit removed 0 058 

4 

33 

Beginning slowing 


0 062 

1 

Clinical improvement, slowing, 0 062 

-1-22 






pulse deficit removed, diuresis 




Punfled Tincture Digitalis No 12-30-20 


34 

Slowing, reduced 
deficit 

SlOOTng, reduced 

pulse 

0 065 

1 

Single dose 


35 

pulse 

0 053 

2 

Marked slowing 0 053 

-22% 


deficit 




36 

Slo4\ing 


0 053 

1 

Marked slowing, clinical im- 0 053 

-22% 


Slowing 




provement 

37 


0 053 

1 

Slowing, reduced deficit 0 077 

-1-24 

38 

Slowing 


0 063 

1 

Marked slowing, pulse deficit re 0131 

—48 


Slowing 




moved, clinical improvement 


39 


0 060 

% 

Marked slowing, clinical im 0 060 

—21 


Slowing 




provement 


40 


0 056 

1 

Slowing, clinical improvement, 0 056 

±7 






pulse deficit removed 

41 

Marked slowing, lowered T2 

0 057 

-m 

Further slowing, pulse deficit 0 057 
removed 

Further slowing, clinical im 0 057 

4% 

42 

Maried slowing 


0 057 

% 

344 


Slowing 




provement, lowered TT 

43 

’-HJ 05<j 

1 

Marked slowing +0 056 

3 



Punfled Tincture Digitalis No 7-23-20 


44 

Slowing 


0 051 

1 

Marked slowing, pulse deficit 0 090 

5 






removed, emesis 


45 

Slowing, reduced deficit 

0 073 

2 

Vomiting, slowing 0 073 

5 



Purified Tincture Digitalis No 8-19-20 


46 

MarLcd slowing 


0 048 

1 

Imerted T2, premature con 0101 

5 






tract 





Tincture Digitalis No S 


47 

MarLcd slowing 


0117 

3 

Supply of tincture gave out 


48 

No control record 




Clinic il improvement, emesis, 0149 

20 






pulse deficit removed 





Tincture Digitalis No H 


49 

Slowing 


0 049 

6 

Slowing 0 158 

68 

50 

Sloaing, premature 
tract , lowered T3 
Slight slowing 

con 

0 053 

5 

Slowing, removal of deficit 0 090 

23 

51 


0064 

5 

Slowing, block, removal of def- 0 330 

86 






icit, diuresis 


52 

Slowing, T2 diphasic 


0063 

4 

Indeterminate 



The dose producing definite initial effects varied from 0 04 to 0 073 
cat umt per pound with an average of 0 056 cat unit for all cases If 
the cases with sinus rh3d;hm be considered alone, the average dose 
producing definite initial effects is 0 054 cat unit, as compared with an 
ai erage of 0 058 cat unit for the cases with auricular fibrillation The 
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maximuin variations from the average are 28 per cent below and 30 
per cent above, with only six cases varying by as much as 15 pei cent 
Thirteen patients m whom definite initial effects were recorded after 
the administration of one or the other of the two galenical tinctures 
showed an average dose of 0 087 cat unit per pound for the production 
of those effects In these the range of variation extended from 39 per 
cent below to 40 per cent above the average dose 


TABLE 3 — Showing Avcragc Doses or PuRiriEo and Official Tinctures in 
Fractions of Cat Unit Per Pound or Body Weight 



First Time in 

Full 

Time in 

Number of 


Effects Hours 

Eunfled Tinctures 

Eficci^ 

Hours 

Cases 

Auricular fibrillation 

0 058 1 26 

0 081 

15 7 

18 

Sinus rhythm 

0 054 1 20 

0 084 

10 3 

15 

All cases 

0 050 1 23 

OlHeial Tinctures 

0 082 

13 4 

33 

Auricular fibrillation 

0 069 4 4 

0 212 

43 

5 

Sinus rhythm 

0 096 3 75 

0 213 

44 

9 

All cases 

0 087 3 98 

0 213 

43 7 

14 


These variations in dose from the average indicate a somewhat 
greater variability m the absorption of the galenical tinctures than m 
that of the purified preparations, but they are misle^ldmg m that they 
fail to bring out the true magnitude in the variability m the absorption 
of different tinctures This is more clearly shown in Table 4 

It has previously been shown that the size of the dose of digitalis 
is not materially influenced by the presence or absence of auricular 
fibrillation,^ and this fact is here confirmed In Table 4, therefore, the 
average doses producing initial effects are mclusive of all cases The 
average has been determined for each preparation separately, and the 
variations are shown for each in terms of percentages of the average 
dose for that preparation To this we have appended the corresponding 
figures reported in a previous paper ^ and based on the administration 
of seven different official tinctures to twenty-one patients 

From Table 4 it is seen that the greatest total range of variation 
among the purified tinctures amounts to 44 per cent of the average 
dose — 23 per cent below and 21 per cent above For the official 
tinctures included in the present study the maximal range of variation 
in dose is 77 per cent — 25 7 per cent below and 51 5 per cent above 
or not far from twice as great a variation as in the case of the purified 
specimens If we compare the range of variation of the purified tinctures 
with that observed among seven different official tinctures previously 
studied the contrast is even greater, namely a total range of 44 per cent 
for the former as against 116 per cent for the latter 

The relatively greater uniformity of the absorption of the purified 
preparations than of the official tinctures is also shown by a comparison 
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of the average doses of the several preparations of a given class As 
those doses are expressed in terms of activity of the drug in all cases 
their comparison clearly reflects differences in absorbabilty as shown 
by the appearance of evidences of action of the drug on the heart The 
average doses of the purified tinctures shown in Table 4 differ from 
one another by only 0014 cat unit, while those of tincture S and tincture 
H differ by 0 049 cat unit per pound It is interesting to note also that 
while tincture S was less readily absorbed, as shown by the larger dose 
required, its absorption was apparently decidedly more uniform than 
was that of tincture H The criteria for the determination of the 
development of full therapeutic effects from the administration of 
digitalis are, of necessity, less precise than are those marking the onset 
of the first demonstrable action For this reason a study of the average 
doses producing full therapeutic effects and the variations from the 


TABLE 4 — Showing Average Doses Producing Initial Effects with 

Range of Variation 




Range ol 1 anation in 



Percentage of Avenge 


Average Initial < 


^ .... II ■ ^ 

Prepantion 

Dose Cat Unit >< Lb 

Below 

Above 

3-18-20 

0062(12)* 

96 

17 7 

12-30-20 

0057 (12) 

10 5 

14 0 

7-23-20 

0 052 (6) 

23 0 

21 0 

8-19-20 

0048(3) 



Tincture S 

0 115 (6) 

13 0 

60 

Tincture H 

0 066(8) 

25 7 

51 6 

Sei en tincturcst 

0 095(21) 

59 0 

57 0 


• Number ol cases 

1 Taken from “Digitalis Dosage,” loc cit 


averages are less satisfactory in indicating differences m absorbability 
of the two types of preparation Furthermore, in approaching the 
induction of full therapeutic effects, or minor toxic action, it was our 
custom to reduce the size of the individual dose which was given at 
SIX hour intervals so that the time over which administration was 
extended varied widely and sometimes was sufficient to permit of an 
appreciable elimination of the drug This was specially true in the 
cases of the official tinctures, ivhich were absorbed so much more slowly 
that it sometimes required more than three days for full digitalization 
Nevertheless, reference to Table 3 shows that an average of nearly 
two and one half times as much of the galenic tinctures as of the 
purified was required for the production of full therapeutic effects 
Since throughout the doses are expressed in terms of the same biologic 
unit of activity, this difference in dose must be due to differences in 
absorption, the purified tinctures being absorbed much more completely 
than the galenical This is also shown to be the case if we compare the 
average dose here established for the purified tincture — 0082 cat unit 
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per pound — with that of 0 146 cat unit per pound previously established 
for seven different official tinctures of widely divergent activity The 
average total full therapeutic dose of the two tinctures employed in the 
present series of obseivations is materially higher than that previously 
established due to the fact that the two tinctures here studied were 
therapeutically unsatisfactory owing to poor absorption Tincture S is 
the preparation used by Dr B S Oppenheimer ® in three patients 
who took amounts equivalent to 134 c c , 193 c c and 233 c c , respec- 
tively, in twenty-three, thirty-eight and forty-three days without signifi- 
cant digitalis action If these totals were divided into uniform daily 
doses they would have amounted to from 5 to 5 8 c c per day, or about 
twice the average daily dose of a well absorbed tincture of average 
activity which can be taken continuously without the development of 
cumulation 



Fig 3 — Chart showing control electrocardiogram — 10 a m , and hourly 
records beginning one hour after single dose of purified tincture of digitalis 
amounting to 0 045 cat unit per pound Patient 13 The figures give the average 
length of the P-R intervals taken from several consecutive beats The decrease 
in the height of the T wave and its final inversion are also shown 


Summary Purified tincture of digitalis is shown to be absorbed 
from the human alimentary canal both more nearly uniformly and more 
completely than are different official tinctures, as measured b} the 
ranges of vaiiation of the doses causing initial effects from the average 
doses for their production, and by five difference m the amounts required 
for the production of full therapeutic effects 

Rate of Absoi ptioii — Tables 1 and 2 show the time m hours from 
the administration of the first dose to the appearance of the first 
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demonstrable evidences of absorption and to the development of full 
therapeutic effects From these data the average times shown in Table 3 
have been calculated It is seen that the average time from administra- 
tion to onset of evidences of absorption is just under one and a quarter 
hours in the case of the purified tinctures, while it is just under four 
hours with the galenic tinctures, or three times as fast with the former 
as with the latter The difference is probably even greater than here 
shown, for we had not anticipated the onset of evidences of absorption 
in less than one hour so that in the majority of our cases the first 
cardiogram was not taken until one hour after the initial dose, and in 
some not until two hours or more after the dose 

Of the thirty-three patients receiving the purified tinctures, twenty- 
five showed definite evidences of absorption of the drug in one hour 
or less, and among the remaining eight the first electrocardiogram was 
taken one hour after the initial dose in only four, in one of whom 
the control record, however, was taken three days before and showed 
a slower heart rate than any recorded for three hours after the digitalis 
was given In this patient hourly records of the pulse deficit were taken 
and this had fallen markedly in two hours In three of the remaining 
four cases there was no electrocardiographic control record, the hourly 
pulse deficit record again being used as the guide to digitalis action In 
the eighth patient the first electrocardiogram was not taken until two 
and three quarter hours after the administration of the digitalis In 
one of the patients receiving the purified tincture absorption was evident 
in half an hour and in a second m three quarters of an hour 

The average time required for the absorption of the official tinctures 
IS three times as long as for the purified tincture, and the individual 
patients show a much wider range of variation Thus only one out of 
the total of fourteen patients showed definite evidences of absorption 
in as little as one hour, and one other in two hours, while five required 
five hours and one required seven hours to absorb sufficient tincture to 
produce definite evidences of the action of the drug 

When we consider the average times required to produce full 
therapeutic effects, a similar relationship is manifested between the rates 
of absorption of the two types of preparation, the purified tinctures 
producing full therapeutic effects in less than one-third of the time 
required for the galenic tinctures Among the total of thirty-three 
patients showing full therapeutic effects from the purified tinctures only 
seven required twenty-four hours or longer for the development of 
these effects Of these seven, one (No 6) received no further digitalis 
until thirty-six hours after his initial dose, and in the case of another 
(No 38) the inten^al between the initial dose and continuation of 
administration was thirty hours In the remaining five no such intervals 
elapsed, and the explanation for the delayed absorption must be sought 



Fig 4 — Chart showing control electrocardiogram — 10 a m , and hourh 
records beginning one hour after single dose of purified tincture of digitalis 
amounting to 0 056 cat unit per pound Patient 40 The figures to the right 
indicate the ventricular rates obtained from counts of all three leads Lead IP 
only is reproduced here 
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in the patients themselves in three of the cases (Nos 1, 27 and 30) 
It seems probable that these were patients who, for some reason as yet 
unknown, were unable to absorb the drug with the usual rapidity In 
the cases of the other two (Nos 26 and 37) the full effects were first 
observed after the lapse of the night, and the precise time of their 
appearance was not determined The times in these two are marked 
with a plus-minus (±) sign to indicate the uncertainty of the interval 

Further, among the purified tincture group nineteen showed fully 
developed therapeutic actions of the drug in five hours or less, two show- 
ing them within three hours following the administration of a single 
dose These two patients, however, were unusually susceptible to the 
action of the drug, responding to as little as 68 per cent of the average 
total dose required 

Contrasting with these figures are those for the individual cases of 
the galenic tincture group, among which only one patient developed full 
therapeutic effects in less than eighteen hours, that one responding in 
seven hours The average time for the development of full therapeutic 
effects in this group is materially longer than that previously recorded ^ 
for twelve cases receiving different samples of galenical tincture 
in large doses, namely, twenty-eight hours This is due to the fact that 
the two tinctures employed in the present investigation were less readily 
absorbable than were those used in the previous study, as has been 
mentioned earlier in the discussion of the dosage 

Summary Purified tinctures of digitalis are shown to be absorbed 
from the human digestive tract in sufficient amount to produce definite 
cardiac actions in an average of less than one hour and a quarter, and 
in amounts sufficient to produce full therapeutic effects in an average 
of a little more than thirteen hours Their absorption is more than 
from two to three times as rapid as is that of different galenic tinctures, 
whether judged by the development of initial or of full therapeutic 
effects 

Nausea and Vomiting — Digitalis has been shown to produce 
nausea and vomiting in animals after the extirpation of the gastro- 
intestinal tract, and the action was assumed to be direct on the vomiting 
center since no other method was known It was also shown that 
the same mechanism was responsible for the nausea and vomiting 
observed m man after the administration of digitalis Hatcher and 
Weiss have pursued the problem further and have very recently shown 
that the vomiting produced by digitalis and its allies in animals is the 

11 Hatcher, R A, and Eggleston, Cary The Emetic Action of the Digi- 
talis Bodies, J Pharmacol & Exper Therap 4 113, 1912 

12 Eggleston, Carv Clinical Observations on the Emetic Action of Digi- 
talis, J A M A 61 757 (Sept 6) 1913 

13 Hatcher R A , and Weiss, Soma Seat of the Emetic Action of the 
Digitalis Bodies To be published 
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lesult of pioteclivc leflexes ansing in the heart wlien it is poisoned b} 
the dmg- These caidiac leflexes appaiently pass to the medullary 
vomiting centei thiough affeient symp.ithetic fibers m.iinly, and to .i 
lessei extent thiough affeient fibeis contained in the v.igi 

Following the woik of Hatchei and Weiss we have leexamined the 
lesults of the study of digitalis emesis in man and we are now able to 
piesent evidence that digitalis causes vomiting m man by this same 
cai diac i eflcx mechanism The clinical evidence shows ( 1 ) that digit.dis 
does not cause emesis in man by local iiiitant action in the digestive 
tiact, (2) that its emetic action in man lesults only after the absoiption 
of a sufficient quantity of the chug, (3) that definite evidences of action 
of digitalis on the human heait aie almost invaiiably to be found before 
the appeaiance of eithei nausea oi emesis Thus it was stated,’- “of 
106 couises of digitalis tieatment in caidiac disease lesulting m the 
appeaiance of nausea oi vomiting, 100, oi 94 3 per cent , showed indis- 
putable evidence [by action on the heart] of absoiption of the chug 
pi 101 to the onset of these symptoms In fifty-five obseivations on cases 
with auiiculai fibiillation, nausea oi vomiting w.is associated with 
[caidiac evidences of] the absoiption of the drug in eveiy instance ” 
Nausea oi vomiting developed m twenty patients m the present 
senes at some time dining the admmistiation of digitalis, and these 
have been hi ought togethei in Table 5 In this table are shown the 
caidiac phenomena induced by the digitalis before the appearance of 
eithei nausea or emesis, together with the doses causing the eaihest 
dcmonstiable evidences of absorption, those causing nause.i oi emesis, 
and the times elapsing between the hist close and the development of 
eaihest effects and of nausea or emesis Refeience to this table shows 
that in eighteen of the twenty patients nausea or emesis developed only 
after amounts of the chug had been given which weie consideiably 
greatei than those lequiied foi the pioduction of beginning action on 
the heart In the entiie series of patients the emetic close langed fiom 
one the same si/e as that pioducing the inititd effects in the aveiage 
case to a dose foui and one thud times as laige as the aveiage, in the 
case of the puiified tinctuies The aveiage emetic dose of the puiified 
tmctuies was 0 113 cat unit pei pound, or almost twice that required 
to pioduce initial evidences of action on the heart Similai relation- 
ships aie found among the cases leceiving the galenic tinctuies Nausea 
01 emesis developed aftei the admmistiation of a single dose of the 
puiified tinctuie m two patients One of these showed definite evidences 
of the development of the action of the chug on the heart thiee hours 
befoie the appeaiance of emesis The othei patient vomited after 
taking digitalis at a time befoie any electrocardiogiams had been taken 
these lecoids having been unduly dela 3 'ed In every case but this 
definite evidences of cardiac action pieccded the appearance of the 
vomiting 
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The evidence supplied by these cases shows that in every instance in 
which observations were made early enough digitalis induces emesis in 
man only after the development of a more or less pronounced action 
on the heart This is in perfect agreement with the observations of 
Hatcher and Weiss, which show that the nausea and emesis produced 
by digitalis arise reflexly from the drug's action on the heart In view 
of these facts and the extremely close parallelism between all of the 
other actions of digitalis in the lower animals and in man the con- 
clusion is justified that in the human being also nausea and vomiting are 
produced by digitalis as the direct result of an intoxication of the heart 
sufficient to provoke the protective mechanism of reflex stimulation of 
the vomiting center, the stimulus arising within the heart The develop- 
ment of nausea or vomiting in the course of the therapeutic administra- 
tion of digitalis must henceforth be regarded as among the surest and 
most valuable evidences of intoxication of the heart, and demands the 
immediate cessation of further administration, at least temporarily 

Dosage of Pwified Tinctwe — ^The figures presented m Table 3 
indicate that the average initial dose of the purified tincture requii ed to 
produce the earliest demonstrable effects on the heart is 0 056 of a cat 
unit per pound of the patient’s body weight While this figure represents 
approximately the average dose which will produce these eflfects with 
certainty, it is not the average minimum effective dose, since in many 
patients the initial dose given was materially larger than the smallest 
which produced similar effects in other patients Thus definite cardiac 
actions followed doses smaller than the average in thirteen of the 
patients, the dose in four being 15 per cent or more below the average 
The average dose of the purified tincture used to produce initial effects 
IS 30 per cent larger than that established for commercial crystalline 
digitoxin, and two thirds that established for a variety of offiaal 
tinctures 

Full therapeutic effects followed an average total dose of the purified 
tinctures amounting to 0 082 of a cat unit per pound, or an amount 
44 per cent greater than that used to produce the initial actions In 
ten of the patients full therapeutic effects resulted from doses approxi- 
mately the same as the average employed for the induction of initial 
effects Seven of these ten patients showed fibrillation of the auricles 
and when the pulse deficit had been removed and the ventricular rate 
had been slowed to about 70 beats per minute we deemed that full 
therapeutic digitalization had been accomplished and temporarily dis- 
continued the administration of the drug The remaining three patients 
had sinus rhythm and two of tliem showed a change from an upright 
T w av e to a diphasic one, with marked prolongation of the conduction 
time and pronounced slowing of the whole heart Simultaneously there 
was marked improvement in the clinical signs of heart failure The 
drug was pushed further in one of tliese (No 5) with the development 
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of premature contractions The tenth patient, the thud of those with 
sinus rhythm, showed such maiked clinical improvement that the drui^ 
was stopped We will show subsequently, however, that much largei 
total doses than these, oi than the average full therapeutic dose, can 
be taken by most patients without danger 


TABLE 5 — Showing Cardiac Action or Digitalis Appearing BrroRC Emisis, 
Doses Causing First Eiflcts and Dosls Causing Emesis 



First FlTccts 


Nausea or Emesis 


r 

Dose In 

Time in 

Cnrrlinc Pbenomenn Jlcfoic 

Dose In 

Time in ' 

Number 

Ont Units 

Hours 

Nausea m Vomiting 

Purified Tinctures 

Ont Units 

Hours 

1 

0 000 

1 

Loverod T, Increased P-R 

0150 

42 

2 

0 007 

2 

Lowered T, Increased P-B, V P C * 

0 0S8 

4 00 

5 

0 059 

1 

Lowered T, increased P B 

0113 

42 

0 

0 001 

1 

Lowered T 

0190 

72 

11 

0 051 

1 

Inverted T, increased P R 

0 092 

6 

12 

OOlO 

0 

Increased T, increased P B 

0 073 

5 

13 

0 0-15 

1 

Lowered T, increased P R 

0090 

5t 

10 

0 050 

1 

Lov ered T 

0 082 

41 

28 

0 058 

2 75 

Increased premature contract 

0 058 

1 75§ 

32 

0 002 

1 

Heart block, V P 0 

0131 

OC,! 

38 

0 003 

1 

Heart-block 

0 250 

8111 

44 

0 051 

1 

Heart block 

0 090 

nil 

45 

0 073 

2 

Heart block, increased V P 0 

0 073 

nifii 

40 

0 048 

1 

Lowered T, beuit block, V P 0 

0101 

12 




Ofllcial Tinctures 



19 

0117 

2 83 

Lowered T, V P 0 

0 173 

18 

20 

0121 

1 

loiweied T 

0 390 

8-1 

22 

0000 

2 

Lowered T, increased P-B 

0 114 

49 

23 

0 057 

3 

Lowered T, Increased P-B 

0 200 

74 

24 

0 078 

3 

Lowered T V P 0 

0 200 

42 

48 



Heart block 

0119 

20i: 


* V P 0 indicates ventricular premature contractions 
+ T in Lead II inverted just before nausea developed 

j Shortly after emesis records shoved auricular fibrillation, runs of ventneular paroxismal 
tachycardia, etc Good recovery 

§ First elcctrocardlog-ram taken 2 75 hours after dose Sinplo dose only in tills patient 
If The heart block hero is that commonly obscr\cd after digitalis in auricular fibrillation, 
all cases so marked were flbrillatlng 

# Only a single dose given to tliis patient 


The average therapeutic dose of the purified tinctures is only 20 pei 
cent greater than that of crystalline digitoxin and is but 55 per cent 
of the corresponding dose of the average well absorbed tincture of 
digitalis It IS evident that this simple purification of digitalis yields 
a substance which approaches the very costly crystalline digitoxin in 
biologic activity 

Two disci epancies between the averages given in the piesent report 
and those stated in previous papers demand explanation The average 
full therapeutic dose of the purified tincture of digitalis was given as 
0 159 cat unit per pound of body weight in the preliminary paper on 
the subject, or almost twice that shown in the present senes of cases 
The disci epancy is due to two factors 

1 The former dose is too large because we weie then expei imentmg 
with a substance new to us and for the sake of caution administered it 
much moie slowly and m much smaller individual doses, thus taking two 
or tliiee times as long foi complete digitalization as the average required 
in the senes here discussed 
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2 The present total dose is probably somewhat too low for a true 
aAerage, because we used relatively very large initial doses in most 
patients, and because we often discontinued further administration when 
a moderate degrefe of clinical improvement had been induced, rather 
than continue to the point of producing evidences of minor intoxication 
We believe that 0 1 cat unit per pound more nearly represents the 
a\erage full therapeutic dose as the drug would be given in a large 
series of cases where many patients would not require very rapid 
digitalization, and for our continued use of the drug in a routine hos- 
pital service we are employing this figure with satisfactory results as 
a basis of our calculations This would give a maximal initial dose of 
0 05 cat unit per pound, which, as Tables 1 and 2 show, did not in a 
single instance produce even minor intoxication 

The second discrepancy is that between the average full therapeutic 
doses of the two galenic tinctures used m the present series of cases and 
that formerly established The present dose of 0213 cat unit is 1 44 
times as large as the average previously stated This is due to the fact 
that the two tinctures used here were poorly absorbed, and it was 
anticipated m selecting them for use that considerably larger amounts 
would be required than in the case of the average well absorbed tincture 
of good activity As it is the difference is less than we had expected 
to find 

The Body Weight as a Basis foi Calculation of Dose — We have 
already referred to several papers m which the validity of the body 
w eight method of estimating the dose of digitalis has been confirmed and 
established, but W edd ^ says that no constant relation could be estab- 
lished betw^een the body weight and the amount of digitalis which could 
be given in his cases He does not give the details m his series of cases, 
<^0 that It IS not possible to subject his observations to a critical analysis 
He states, however, that the average total dose required for the pro- 
duction of toxic symptoms w'as 52 cc m the case of his second tincture 
which had an activity of 85 milligrams per cat unit, the toxic dose 
having vaiied from 20 to 100 cc It is quite evident from his figures 
that this sample of digitalis, as Avell as his first one, w'as one in which 
the absorption was \er 3 ’’ irregular and usually very poor, since the 
a\erage tincture of equal activity which is well absorbed will usually 
produce toxic symptoms after a total dose of about 25 c c , and often 
after somewdiat less \Further, Wedd gave daily doses which required 
from two to eight or iViore dajs for the development of full digitaliza- 
tion With the larger Uotal doses, therefore, the more or less variable 
factor of the elimination of the drug must have assumed an important 
role esiiecialiv ‘^mce thefte is a considerable range in the rate of elimina- 
tion of digitalis in difierqnt patients 
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It has never been contended that the average doses established on the 
basis of body weight were precise In fact, in the original paper deal- 
ing with the subject it was specialh- emphasized that there was a con- 
siderable range of variation in individual cases from the average The 
average dose Avas offered as a basis for the appi OMiuatc estimation of 
the total amount of digitalis wdnch w'ould be required for the production 
of therapeutic digitalization As such it has proved to be essentially 
correct in spite of the individual cases not infrequently encountered in 
wdnch the actual amount required differs more or less wudely from the 
average The method has been used by one of us as a routine in esti- 
mating the dose for over five years, with satisfactory results in several 
hundred cases, the great majority of which have responded satisfactorily 
to a dose closely approximating the average It is confidently believed, 
therefore, that Wedd’s failure to obserxe any constant lelationship 
betw^een the size of the dose and the body w'eight of his patients is due 
to the tw^o factors mentioned 

Vauahon m the Patient's Absoiphvc Capacity — A second factor in 
the question of absorption which merits brief discussion, but wdnch 
cannot yet be entered upon in detail for w^ant of sufficient data, is the 
question of the variations m the capacity of different patients to absorb 
digitalis It is w^ell knowm that different normal animals of the same 
species vary considerably m their capacity to absorb a given drug from 
the digestive tract It is certain that a similar variation in this capacity 
exists m normal man, and it is probable that in the presence of a dis- 
turbed circulation this variation is enhanced Data obtained m the 
present series of cases confirm this contention 

If we refer to Tables 1 and 2 and consider the full therapeutic 
doses taken by the thirteen patients who received purified tincture 
3-18-20 w^e see that the largest dose required to produce full therapeutic 
effects wnthm twenty-four hours w^as tw^o and one half times as great 
as the smallest which sufficed to produce analogous effects, and one and 
one half times the average dose required wuth this specimen Administra- 
tion having been completed wathin tw^enty-four hours in all but three 
of these patients, and within forty-eight hours m the remainder, elimina- 
tion did not play an important part in determining the total amount 
required Only tw'^o explanations remain to account for this variation 
in dose Either variation in the susceptibility of the heart to the action 
of digitalis or variation on the part of the patients in their capacit} to 
absorb the drug 

Oui experience leads us to believe that botli these factors are con- 
cerned to varying degrees Thus in patients wnth heart failure due to 
auricular fibrillation and showing a high grade of pulse deficit we are 
convinced that complete recovery from the attack of failure not infre- 
quently follow'S the beginning restoration of the circulation by a 
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relativel} small dose of digitalis The small aniotint of digitalis is just 
enough to slow the i entncular rate to a moderate degree and the ensuing 
]mi)ro\ ement in the circulation breaks a vicious circle primarily through 
a progressive improvement in the nutrition of the heart initiated by 
greater diastolic rest and improved coronary circulation In other cases 
of the same type this does not occur and it is necessary to push 
Mgorousl)’’ the administration of digitalis Among this latter group 
cases are observed in which relatively very large doses are required and 
in such i\e believe the individual capacity for absorption may often be 


relatnel) poor 

The best illustrations of probable defective capacity to absorb 
digitalis are seen, however, among patients with sinus rhythm In these 
there is much less likelihood of the breaking of a vicious circle by a 
small dose, since the essential element in the causation of failure is not 
the same Among these we find far fewer instances of full therapeutic 
1 espouse to a dose much below the average The tendency to exceed 
the average markedly is also somewhat less frequent We, therefore, 
believe that the wide variations in dose sometimes encountered with a 
gnen sample of digitalis are probably referable to variations in the 
capacity of the individual patient to absorb the drug although there is 
alwajs the possible factor of a relative insusceptibility of the heart itself 
to the action of the drug Furthermore, it has been our general 
experience that when a patient is found to absorb one specimen of 
digitalis promptly, he almost invariably absorbs other good specimens 
equally u ell, though not necessarily to precisely the same extent, or with 
quite the same promptness Finally, we continued the administration 
of each of the samples of both purified and galenic tinctures beyond the 
llei elopment of full therapeutic effects in one or more patients for the 

/ impose of testing the matter of insusceptibility of the heart From the 
aenty-three instances in which this was done we select a few for 
\ illustration 

^ Patient 38 showed a marked degree of ventricular slowing only 
after 0 131 cat unit per pound of body weight, with removal of his 
t pulse deficit and a satisfactory therapeutic response, but it was neces- 
'i^arj to increase the total dose taken to 0 250 cat unit, or nearly double, 
b^orc the only toxic symptom — nausea — developed In patient 34 a 
sin^ dose of 0065 cat umt per pound produced ventricular slowing 
and ndiited the pulse deficit in one hour After an interval of 56 hours 
the sarse prepaiation was continued at the rate of 0069 cat unit per 
pound mjly until a total of 0 237 cat unit per pound had been taken 
i^hout tlVdei elopment of any toxic symptoms Analogous variations 
tvivtic seen ik several other cases We are convinced that the probable 
miff cnation the poor absorption m these cases, especially in those 
r< mg the panfied tinctures, is referable to the patient's individual 
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deficiency m the capacity to absorb digitalis W e also belle^ e that the 
dififerences in the capacity to absorb digitalis, and not cardiac insuscepti- 
bility, largely account for the variations in dosage obser\ed in a series 
of patients receiving a single sample of the drug 

SUMMARY 

1 The absorption of high giade specimens of tincture of digitalis 
from the digestive tract of man is almost invariably sufficiently uniform 
to permit the establishment of a satisfactoiy woiking average total dose 
m terms of the cat unit of activity per pound of the patient’s body 
weight 

2 Specimens of tincture of average biologic activity are occasionally 
encountered which are therapeutically unsatisfactory on account of poor 
absorption from the alimentary canal 

3 Tincture of digitalis shows definite evidences of action on the 
heart in from two to four hours after oral administration to man 

4 Poorly absorbed tinctures may requiie more than five hours for 
the development of demonstrable cardiac action 

5 A method of preparing and standardizing a purified tincture of 
digitalis IS described 

6 The purified tincture is shown to be absorbed from the human 
digestive tract more rapidly and more nearly uniformly than are 
different specimens of official tincture of average biologic activity 

7 Considerable variation in the capacity of different individuals to 
absorb digitalis is shown to exist 

8 Evidence is offered to show that digitalis causes nausea or vomit- 
ing m man by reflexes arising in the heart as a result of its intoxication 

9 An average total dose of the purified tincture for oral administra- 
tion to man is established on the basis of its cat unit of activity and the 
patient’s body weight 

CONCLUSION 

While the purified tincture of digitalis is more nearly uniformly 
absorbed by man than are official tinctures obtained from different 
sources, it is, perhaps, not more uniformly absorbed than is any single 
tincture of good quality It is 'probable that crystalline digitoxm is 
slightly more uniformly absorbed than the purified tincture, but the 
former does not seem to be of uniform activity Each specimen of 
crystalline digitoxin, therefore, would appear to require biologic assa\ 
before it could be used safely in effective doses, unless one w.shes to 
proceed very cautiously with its administration, m uhicli case there 
would be delay in obtaining its full therapeutic effect 



DELAYED CONDUCTION THROUGH THE RIGHT AND 
LEFT BRANCHES OF THE ATRIOVEN- 
TRICULAR BUNDLE 

HORACE MARSHALL KORNS, MD 

CLEVELAND 

INTRODUCTION 

Ihe question of the diagnosis of branch lesions in clinical electro- 
cardiography IS still largely unanswered There are at least two 
important reasons foi this In the first place, although an abundance 
of experimental data pertaining to complete bundle branch block in 
animals has been accumulated, the extent to which the results can be 
applied to man is very uncertain A further difficulty is discovered 
m the recent papers of Fahr,^ who would completely reverse the 
previous conceptions of branch lesions and preponderating ventricular 
h) pertrophy 

In the second place, our knowledge of the anatomy of the atrio- 
ventricular bundle and the Purkmje system is far from complete We 
have not been sufficiently critical of researches on their normal struc- 
ture, more especiallj in relation to the methods adopted We have 
f.illen into the habit of easily visualizing the nodes and tracts of the 
atriov entricular conduction system in the human heart, overlooking the 
fact that the technic which has generally been employed in examining 
these structures has failed entirely to bring to light the finer details 
of the Ptirkinie system Is it not significant of the inadequacy of the 
ordmarv technic that it has never until recently ^ succeeded in demon- 
‘•trating Purkinje fibers in the vv'all of the auricle^ The pathologist’s 
failure to find m the conduction system the organic lesion so confidently 
predicted from the electrocardiogram is a matter of frequent record 
That mam of these conductional defects are functional and transient, 
vv e know , but on the other hand, more such defects than we suspect 
are due to actual lesion Instead of revising our interpretation of 
tracings, let us inquire into our pathologic methods, and see wdiat 
need of revision may be there I think we shall find that the method 
of clinical electrocardiography is so much more sensitive and exact 
than our present pathologic methods that we need not cast aside all 

*rrom the Medical Clinic of Lakeside Hospital and Western Reserve 
L nn crsitv 

^ * Read before the Experimental Medicine Section of the Cleveland Academy 
of Medicine November 1921 

1 Eahr \rch Int Med 25 146 (Jan 1 1920 ibid , 27 126 (Jan) 1921 

2 Holmes T Anat 55 269, 1921 Holmes found Purkinje fibers in the 
nuriclc in two animaP He believes (erroneously) that he was the first to make 
‘h>« discoverv 
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our clinical conceptions from want of postmortem confirmation In 
the light of these considerations, it is probable that past attempts to 
correlate clinical with pathologic findings have served moie to obscure 
than to elucidate the problem The truth of this observation ib veiv 
clear to anyone who has encountered m his own experience, and in 
the literature, its many examples Contradiction and confusion arc 
everywhere apparent 

It IS my belief that we shall be forced to discard man) of the 
conclusions based on earlier methods of anatomic study, and take a 
fresh start I wish to draw the attention of all students of this 
problem to the monograph of Van der Stricht and Todd ^ as oftenng 
an adequate basis on which more exact observations may be made in 
the future These investigators hav^e contributed much to our knowl- 
edge of the anatomy, normal and abnormal, of the Purkmje system 
They were the first to succeed in demonstrating fibers of Purkmje m 
the auricular walls The importance of the endeavor to correlate 
clinical electrocardiograms with pathologic findings such as these, as 
Carter ^ has done, cannot be overemphasized, but it is much too early 
for sweeping generalizations It is of interest here to mention the 
researches of Oppenheimer and Rothschild ^ in “arborization block ” 
Their results have been vigorously attacked from various standpoints, 
notably by Wilson and Herrmann,® Smith and Drury ® This criticism 
loses some of its force in the presence of better understanding of the 
anatomy and pathology of the conduction system 

INCOMPLETE BUNDLE BRANCH BLOCK 

The effect on the electrocardiogram of delay in conduction through 
the right and left bianches of the atrioventricular bundle was first 
suggested by Lewis ® in 1912 He observed the phenomenon m the 
course of an experiment, and strongly suspects that it occurs in 
certain patients Wilson and Herrmann elaborated this idea in the 
endeavor to explain ceitam aberrant electrocardiograms which are not 
at all characteristic of complete branch lesions as at present understood, 
yet display conspicuous increase m the Q R S interv^al They pro- 
posed to show that the principal effect of a lesion which delays, but does 
not completely interrupt, the passage of the impulse through one of 
the mam branches of the atrioventricular bundle will be a change in 

3 Van der Stncht and Todd Johns Hopkins Hosp Rep 19 Fasc 1, 1919 

4 Carter Arch Int Med 22 331 (March) 1918 

5 Oppenheimer and Rothschild J A M A 69 429 (Aug 11) 1917 

6 Wilson and Herrmann Arch Int Med 26 153 (Aug ) 1920 

7 Smith Arch Int Med 26 205 (Aug ) 1920 

8 Drury Heart 8 23, 1921 

9 Lewis Heart 3 279, 1912 

10 Wilson and Herrmann Heart 8 229, 1921 
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the time relation of the right and left ventricular effects, and, therefore, 
an abnormal combination of the dextrocardiogram and levocardiogram 
They endeavored to demonstrate this both graphically and experi- 
mental!} Using Lewis’ measurements and his method of algebraic 
addition of the dextrocardiogram and levocardiogram, they determined 
the effect on the resultant curve of adding the dextrocardiogram and 
levocardiogram m varying time relations They found that this 
procedure produces curves wdiich are transitional in form and Q R S 
interval betw'een the normal complex and the complex of branch lesions 
The calculated bicardiogram gradually takes on the form of the levo- 
cardiogram or dextrocardiogram, depending on which is made to 
precede the other A time difference of 0 005 second produces a very 
conspicuous change, and a discrepancy of 0 015 second completely alters 
the character of the bicardiogram 

The experimental procedures employed m the hope of producing 
transitional complexes w'ere (1) Vagus stimulation in the presence 
of right bundle branch block (2) Bilateral bundle branch block (3) 
Stimulation of the right ventricle in right bundle branch block All 
succeeded to a certain extent in producing transitional complexes, espe- 
cially the last A typical curve shows at one end a fully developed 
dextrocardiogram, at the other a fully developed levocardiogram, and 
many interposed combination complexes whose contour and Q R S 
interval depend respectively, on wdiich of the two components precedes, 
and by how' great a period of time If the right and left ventricular 
effects occur in normal time relation, the result is a complex which 
\er} closely approximates the physiologic curve as shown in the 
control If one of the components is of greater amplitude than the 
other this wnll affect the amplitude of the combination complexes 
proportionately Furthermore, in the experiments in which the extra- 
s\ stohc dextrocardiogram w as combined with the supraventricular levo- 
cardiogram It could be determined exactly by how great an interval the 
one preceded the other, inasmuch as each followed a recorded event 
b} a definite interval 

The conclusions reached by Wilson and Herrmann from their 
experiments are 

1 Combination complexes in winch the dextrocardiogram precedes the 
leiocardiogram b\ a considerable inter%al are transitional in outline between 
the normal complex and the complex of left bundle branch block 

2 Combination complexes in which the levocardiogram precedes the dextro- 
cardiogram bi a considerable intenal are transitional in outline between the 
normal complex and the complex of right bundle branch block 

3 Combination complexes in ivhich the levocardiogram and dextrocardio- 
gram begin at almost the same instant resemble the normal type of comnlex 
closeh 

4 All combination complexes except those of the third class are diphasic 
and ha\e a Q R S intenal intermediate between the natural Q R S interval and 
the Q R S intenal of bundle branch block 
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5 'llic T wave of complexes formed by asynclironoiis combination of dex'ro- 
cardiogram and Icvocardiogram is lransition.il in outline between the noimal 
T wave and that of the fully developed bundle branth block complex 

The expeiimcnts of Wilson and Hciiinann ate notewoithy because 
they thiow light on a little iindei stood aspect of the pioblem of deficient 
blanch conduction Oui case is consideied worthy of rcpoit bcc.iusc 
the electiocaidiogicims repioduced nearly all of the phenomena obtained 
by Wilson and Plerrmann fiom their expcnmcntal animals 

REPORT OF CASE 

The patient, a man, aged 60, w'as admitted to the hospital foi the first 
time Oct 14 1920 

Piacnt llbias — Patient has been incapacitated for three years on account 
of shortness of breath and weakness He has apparently been in a state of 
relative caidiac decompensation throughout this entire tunc He has suffered 
frequently from palpitation, and has bad dependent edema except wdicn at rest 
in bed In recent years it has been necessary for him to get up frequently at 
night to pass his urine, sometimes as often as every five minutes 

Pffv/ Ihstoiv — The only point of importance is the definite history of 
repeated attacks of aiticulai rheiimatisni These attacks have no douht 
sustained a definite relation to pait, at least, of the patient’s present cardiac 
disability 

P/iy<!tcal E'laimnaixon — Patient is sitting up in bed, very uncomfoi table on 
account of shortness of bieath He complains of no pain There is slight 
edema of the ankles 

Lungs The physical signs of the lungs are those of increase in volume 
and diminution in extensibility, together with incieasc in density at the right 
base from accumulation of fluid in the plcuial c.avity 

Heart The median poitions of both costal maigins move tow'aid the 
median line during inspiration, and the low^ci end of the stcinum moves m a 
vcrtcbiad direction — evidence of enlargement of both light and left venti teles, 
and right auiiclc A choc cn dome is pciccptiblc in the sixth intci costal space 
at the left anterioi axillary line A systolic impulse and disastolic impact arc 
palpable ovei the conus artciiosus of the right venti iclc iiouni us oi duiniss 
Upper At the third iiitci costal space in the left midclaviculai line Right 
Extends two-thiids of the way to the right midclavicular line in the fouith 
intercostal space Left Reaches the anteiior axillaiy line in the sixth intci- 
costal space Auscultation At the apex, the systolic sound is accompanied by 
a loud, low pitched muiinur, the diastolic sound is faint, W'lth no adventitious 
sounds in diastole At the aortic area, the systolic sound is accompanied by a 
murmur of less intensity than at the apex, the diastolic sound is accentuated 
and has a tympanitic quality, and is accompanied by a long muimur in diastole 

Arteries Gencial sclciosis The peripheral pulse is cclcr in type, 
monocrotic, it is grossly irregular and arrhythmic — the pulse of auricular 
fibrillation Blood pressure 210/9S 

Veins Tremendous engorgement in neck and arms 

Abdomen Large from obesity No edema of wall, no free peritoneal fluid 
The liver is enlaigcd and rot.atcd extending three fingers’ breadths below the 
right costal margin in the midclavicular line, it is tender, not increased in 
consistency The spleen is enlarged to percussion, but is not p.alpable 

Labo/aioiy Fuidvigs — Spinal fluid perfectly normal Fluid from pleural 
cavity W'as a transudate Urine showed albumin m varying amounts Phcnol- 
sulphonephthalcin excretion, 50 per cent in tw'o hours 
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Diagnosis — Primarj sclerosis of the root of the aorta Insufficiency of the 
aortic valve, a result of rheumatic endocarditis Chronic myocardial disease, 
uith \ery considerable enlargement of both ventricles, predominantly the lett 
General arteriosclerosis 

Ticafimmf— Tincture of digitalis was given as follows 


Date 

Amount 

October 15 

15 c c 

October 16 

10 c c 

November 6 

15 c c 

November 7 

10 c c 

November 19 

IS c c 

November 20 

10 c c 

November 28 

8 c c 

November 29 

8 c c 

December 2 

See 

December 3 

10 c c 

December 4 

8 c c 


Total 114 c c 

Course — Patient showed no great improvement at any time during his stay 
in the hospital He was discharged Dec 21, 1920, in practically the same con- 
dition as when he entered No electrocardiograms were made 

Second Admission — Patient was readmitted to the hospital Jan 14, 1921 
Since his discharge he had been constantly confined to bed His air hunger 
had not been so intense, but the abdomen had begun to swell conspicuously, 
and his output of urine had been very low The physical findings were much 
as before, except that there was more edema involving the lower extremities, 
the abdominal wall and the tissues over the sacrum, and there was evidence of 
greater stasis Patient’s condition continued practically unchanged until 
Feb 17, 1921, when he suffered an acute dilatation of the heart The right 
auricle extended a finger’s breadth to the right of the right midclavicular line, 
and the patient was in extremis Strophanthin, 0 65 mg, was administered 
intravenously without effect Removal of 600 c c of blood by venesection, and 
administration of an additional 0 15 mg of strophanthin, intramuscularly, was 
followed by immediate improvement in the patient’s condition The right 
auricle receded to its original position, two-thirds of the way to the right mid- 
clavicular line The next day the patient was in better condition than he had 
been for weeks The remainder of his course was uneventful, and he was 
discharged April 21, 1921, in a somewhat improved condition 

Electi ocardwgraphic Recoid — Electrocardiograms were made at the time of 
the second admission, Jan IS, 1921 They showed simply auricular fibrillation 
with rather rapid ventricular rate, and preponderance of the levocardiogram 
Records made January 19, after the administration of 185 cc tincture of 
digitalis, again showed auricular fibrillation, but with a much slower ventricular 
rate No further records were made until April 14, 1921 In the meantime, the 
patient had had an acute dilatation of the heart, from which he made a good 
reco\ery, and had been tlioroughly digitalized 
Tincture digitalis was given as follow's 


Date 

Amount 

March 19 

4 c c 

March 20 

8 c c 

klarch 26 

2 c c 

March 27 to April 6, mclusne 

33 c c 

April 8 to April 11, inclusive 

12 c c 


Total 59 c c 
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It was noticed April 11 that the pulse rate had become e\ceedmgl\ slow, 
and from auscultation one could detect coupling of beats, prcsumabi} a normal 
cycle with a premature contraction It was wdien these phenomena were present 
that the last electrocardiograms w'Cre secured 

THE ELECTROCARDIOGRAMS 

The records (Figs 1 to 6) show auricular fibrillation with a high 
degiee of atrioventricular heart block The block is probabl} not com- 
plete, however, for the interventricular intervals are not quite equal 
The ventricle is still responding to supraventricular impulses That the 
heart is strongly under the influence of digitalis is apparent from the 
coupling of a supraventiicular cycle wnth a piemature contraction of 
ventricular origin The point to wdiich I w ish to draw' particular atten- 
tion IS the changing character of the complexes wdiicli are i espouses to 
supraventricular impulses The Q R S and T deflections differ m a 
striking manner from cycle to cycle The difference is manifest in con- 
tour, in direction of the deflection, m duration of the Q R S interval, and 
in amplitude Control curves are necessarily w'anting, but it is certain 
that none of the complexes represents fully developed bundle branch 
block, and it is probable that none can be considered as a perfectly noi- 
mal complex Gradual and sudden transitions fiom levocardiogram to 
dextrocardiogram are seen, some complexes are polyphasic, others 
diphasic It is my belief that these phenomena are due to unequall} 
widened refractory periods of the right and left branches of the atrio- 
ventricular bundle The supraventricular impulse is not transmitted 
through the tw'o branches at the same rate at all times If a stimulus 
enters at a time when the left branch is less lefiactoiy than the right 
the levocardiogram shapes the early portion of the complex, and the 
prolongation of the QRS inteival and extent to yvhich the curie 
becomes diphasic are proportional to the degree of difference in lef fac- 
tory periods At one instant the lei'ocardiogram piecedes at the next 
the dextrocardiogram precedes , again, they occur in normal time rela- 
tion, and the result is a complex wdiich closely approximates the normal 

The striking smularity betiveen these cunes and those published 
by Wilson and Herrmann^® is at once apparent There are some 
differences, how'ever By comparison wnth other records made on this 
patient it is clear that the follownng complexes approximate the normal 
For Lead I, Figuie 1, stiip I-l, cycle number 3, for Lead II, Figure 2, 
stiip II-3, c3cle number 3, for Lead III, Figure 3, strip III-3, cycle 
number 5 These complexes are marked w ith arrow's in the figures 
It w'lll be seen that the fifth cycle in Figure 2, strip II-l (marked yvith 
cross). IS interposed between tw'O complexes in one of which the 
levocardiogram predominates , in the other, the dextrocardiogram The 
interposed complex, although intermediate in contour has a Q R S 
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interval of only 0 055 second, “ which is much shorter than 0 072 
second, the approximate normal for this lead A similar complex of 
even shorter QRS interval, 0 048 second, appears in Figure 2, stiip 
II-4 In a heart in which conduction is known to be impaired, it is 
difficult to conceive of spread of the impulse to both ventricles in less 
than the normal time, and for this reason these two complexes defy 
analysis 

REMEW or THE LITERATURE 

In my search of the literature I hare been able to discover only 
eight cases which may properly be classified as examples of delayed 
conduction through both branches of the atrioventricular bundle In 



Fig 1 — Lead I In this, and in all succeeding figures, one division of 
abscissae equals 0 04 second, of ordinates, 10 ■* lolt, each strip is a direct con- 
tinuation of its predecessor, uithin each lead, duration of Q R S intervals is 
marked in seconds For full description see text 

1911, and again m 1913, Cohn described a case of complete atno- 
tentncular heait block in a patient 70 rears of age who was suffering 
from ser ere heart failure In addition to the A-V block, the ventricular 
complexes shou a great range of variation from dextrocardiogram to 
let ocardiogram No normal complexes or fully developed bundle branch 
bloclv complexes are show n Cohn suggests that the varying complexes 

11 These measurements uere made with a magnification of one hundred 
diameters, secured b\ lantern projection of the negatnes upon coordinate paper 
ruled m millimeters Thei are accurate within a few thousands of a second 

12 Cohn Proc Soc Lxper Biol S. M 9 24 1911, Heart 5 5 1913 
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are caused by functional depression of the bundle branches, possibly 
from digitalis, but he does not full) explain the transitional complexes 
Mathewson,^^ m 1913, described a case which sho\\ed both levocardio- 
gram and dextrocardiogram, but no transitional complexes In the 
same year, Oppenheimer and Williams placed on record an example 
of delayed conduction thiough both bundle branches sbo\Mng many 
transitional complexes Their patient also had complete A-V heait 
block Necropsy revealed no pathologic changes in any part of the 



Fig 2 — Lead II 


conduction system In 1915, Chiistian^'* reported three cases, two of 
which weie associated wuth an A-V heart block, one wnth auricular 
fibrillation Neciopsy in one case revealed no organic lesion of any part 
of the conduction system Wilson and Robinson, in 1918, ob‘'er\ed 

13 Alathew son Heart 4 385, 1913 

14 Oppenheimer and Williams Proc Soc L\per Biol S. M 10 86 1913 

15 Christian Arch Int Med 16 341 (Sept ) 1915 

16 Wilson and Robinson Arch Int Med 21 166 (Feb ) 1918 





166 


ARCHIVES OF lATERNAL MEDICINE 


dela}- m branch conduction, in a patient with complete A-V heart block, 
after a large dose of digitalis (Case 2, Fig 6, of their paper) In 
1921, a case was reported from the clinic of White and Burwell 
which probabl}/ represents a much less degree of delayed branch con- 
duction 

Examples of delayed conduction through one branch only have 
been described by Wilson,^® Robinson,^® Mathewson,^® Frederica and 
Moller and Wilson and Herrmann ® 



C-VOSE OF DELA\ED BRANCH CONDITION 

Exclusive of organic lesions, delayed conduction through the right 
and left branches of the atrioventricular bundle is clearly the result of 
disturbed relation between the rate at which impulses are discharged 
and the refractory periods of the A-V node and that of the individual 
branches, in which widening of the refractory periods of the branches 
plays the major part It is ob^ lous that delay in branch conduction of 
transmitted impulses cannot occur if the length of the lefractory period 

17 White and Burwell Med Clinics N America 4 1839. 1921 

18 Wilson Arch Int Med 16 108 (JuhO 1915 

19 Robinson Arch Int Med 18 830 (Dec) 1916, ibid 24 422 (Sept) 1919 

20 Frederica and Moller Cited by Lewis, Mechanism and Graphic Regis- 
tration of the Heart Beat, Shav &. Sons 1920 
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Fig 5 — Lead III 
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of the A-V node exceeds that of the branches, regardless of the 
atiricuiar rate If the refractory period of either branch exceeds that 
of the A-V node hone\er, delay in conduction through that branch 
must necessaril)’ follow unless the auricular rate, in turn, is slow enough 
to permit full recover} of the branch after each beat Deficient branch 
conduction is therefore due to widening of the refractory period of the 
branch m excess of that of the A-Y node, coupled with a sufficiently 
high auricular rate If dela}ed branch conduction occurs in conjunction 
with complete A-Y heart block, it is due to the fact that the rate of 
discharge of impulses from the ventricular pacemaker is too high to 
allow full recoiery of the branch after each beat It is probable that 
the branch may be partially refractor} , as well as absolutely refractory, 
and the degree of delay in branch conduction may depend upon how 
much of the required lefractory interval has elapsed at the time the 



Fig 6 — Lead III 


new stimulus enters the branch If the refractory periods of both 
branches aie equal m length, and exceed that of the A-V node, the 
amount of dela} wall be uniform , but if the refractory intervals of the 
branches are of unequal length, the relative degiee of delay in the iwo 
blanches wall vary constantly from cycle to cycle 

In clinical experience dela}ed branch conduction occurs either (1) 
spontaneously, or (2) as a result of digitalis intoxication In the 
formei instance it is no doubt due primarily to considerable impair- 
ment of the blood supply to the indnidual branches The most 
biilliant examples of spontaneous occurrence are seen in the cases 
repot ted b} Robinson One of his patients with auricular fibrillation 
and a rapid \entricu!ar rate showed unmistakable evidence of delated 
conduction thiough the right bianch After the refractory period^ of 
the A-\’ node had been lengthened by digitalis to a point tvhere it 
equalled or exceeded tlie abnormally long refractory period of the right 
branch, the complexes became approximately noimal A few^ da}s 
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later, when the ventricular rate had inci eased fifteen beat'- per nunuic, 
evidence of delayed branch conduction again appeared hut only >n 
those compleres preceded by a shoif diastole It is possible also that 
digitalis may directly shorten the refractory period of the branch in 
such cases by improving its blood supply A rcMew of other cases 
shows that the refractory period of the branch ma\ be so long ihat 
that of the A V node cannot be increased sufficienth b} digitalis to com- 
pensate for it Consequent!}, the rate at which transmitted impulses aie 
received continues to be out of proportion to the lengthened refractorN 
interval of the branch, and delay in conduction therefoie persists until 
the refractory period is directly shortened, possibl} by impiorement in 
the nutrition of the branch 

When delayed branch conduction is not spontaneously present it 
may occasionally be produced by digitalis Clinical e\idence justifies 
us in advancing the suggestion that m certain cases w here digitalis has 
been pushed strongly its action is exerted directly upon the niduidual 
branches of the atrioventricular bundle to such an extent that then 
refractory periods are prolonged to a degree in excess of the pi elonga- 
tion simultaneously produced at the A-V node, thereb} dela\ing con- 
duction through the branches The condition is then identical in e\ei} 
tvay with that which occurs spontaneously The electiocaidiogiams 
are such as have been desenbed in my case leport, they are in no way 
different from those occurring m deficient branch conduction which is 
not dependent upon drug action 

Cohn^^ is to be credited with this suggestion oiiginally although he 
did not develop it completely He ascribed the phenomena in his case to 
digitalis, although there w^as no other evidence that tlie patient had been 
under its influence No mention of digitalis is made by Mathewson oi 
Oppenlieimer and Williams In the first three cases reported by 
Christian,^® and in the case reported by Wilson and Robinson,^® how- 
ever, the relation is remarkably clear In Christian’s cases the variing 
ventricular complexes made their first appearance under digitalis, dis- 
appeared after discontinuance of the drug, and were again made to 
appear under digitalis The varying complexes w^ere ahva\ s associated 
with a greater or less degree of atrioventricular heait block, and it is 
significant that they w^ere last to appear under hear}^ doses of the 
drug, and first to vanish wdien it was withdrawm As in my case, the 
heart in Christian’s Case 1 was knowm to be strong!} under the effect 
of digitalis, for m botli cases the characteristic slow bigeminus appears 
The second case described b} Wilson and Robinson had complete 
atrioventricular heart block, but it w^as only after a massne dose (12 
cc ) of tincture digitalis that his electrocardiograms displa}ed iinmi-- 
takable signs of delayed branch conduction 
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My patient was receiving the drug almost continuously from 
March 19 to April 11, at the end of which time a total of 59 cc had 
been taken April 14 the records showing delayed branch conduction 
were secured Unfortunately, it w^as impossible to secure further 
records after the effect of the drug had disappeared, for the patient 
suddenly left the hospital, and died June 6 The evidence in this case 
that delayed branch conduction was due to digitalis is, therefore, not 
so conclusive as it is in the cases of Christian and Wilson and Robinson, 
but it IS nevertheless strongly suggestive 

The views here expressed concerning the nature of delayed branch 
conduction are closely in harmony eithei directly or by analogy with 
the recent work of Lewis and his associates,-^ in which the earlier 
researches of Cushny have been largely confirmed and considerably 
amplified particularly with regard to the role played by high auricular 
rates in affecting degree of block at the A-V node 

SUMMARY 

1 It IS suggested that the older routine methods which have been 
depended on to show the normal and abnormal anatomy of the Pur kin je 
system be subjected to rigid criticism Recent work has made it clear 
that these methods have been inadequate 

2 Recent experimental woik on the subject of delayed branch con- 
duction is reviewed A case is reported in which electrocardiograms 
parallel m a striking fashion those seen in experiments Attention is 
directed to eight similar cases in the literature 

3 If the refractory period of the right or left branch of the atrio- 
1 entncular bundle is longer than the refractory period of the A-V node, 
conduction through that branch is delayed provided the rate of impulse 
discharge from the ventnculai pacemaker be sufficiently high Digitalis 
may directly lengthen the refractory peiiods of the individual branches 
to a degree sufficient to produce delay in branch conduction 

21 Lewis Drury, and Iliescu Heart 9 21, 1921 

22 Cushnj J Pharmacol & Exper Therap 11 103, 1918 
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COND inON lOLI.OWJNG lOFAL LXTlin'AIlON OF nil IlMK'^ 

FRANK C MANN, MD, and THOMAS 13^ RD M \f.A I H Ml) 

HOC III SILK, M1N\ 

In pievions studies on the pliy .lology of (he luer,' .i method ot 
total extnpation of that organ and the effect of the remo\.il on tin- 
sugai in the blood were recorded Since, following iemo\.d of liic !uci 
the decieasc in the blood sugar coincided so exactly with the dcAcloj)- 
ment of the characteristic symptoms associated with the moribund 
condition, it was deemed highly possible that a caus.d icl.itionship 
existed between the two An investigation was made, theiefoie of 
the effect of the admmistialion of glucose on animals in which the 
liver had been removed 

In Older to obtain the noimal blood sngai value, a specimen of 
blood was taken from the jugular vein of a dog in which the fust two 
stages of the operation had been completed The liver w'as then 
removed conmpletely in the mannei previously described, and do e 
observations made In many of the experiments the dog was allow eel 
to develop the characteristic symptoms, and glucose was injected mtia- 
venously In other experiincnts the glucose was administered eithci 
by os, by rectum, by jejunostomy, by continuous intiavenous injection, 
or intiapeiitoneally immediately after hepatectomy, the general con- 
dition of the animal and its blood sugai weie noted caiefully 

The Effect of the Int) ovenou^ Injection of Glucose — d he elicit ol 
intravenous injection of glucose on .in animal dying fiom the remo..il 
of the liver is one of the most lemaik.ible jihysiologic phenomena 
we have evei obseivcd The animal, comatose and jiei fectly flaccid, 
appaiently unable to contract any muscle, except the di.iphiagm. is 
lestored immediately to a seemingly normal condition by the injection 
of from 0 25 to 0 5 gm glucose for each kilogiam of bodv w’cight 
We have seen such animals stand thirty seconds after the injection 
of glucose, walk, respond to call, wag their tails, drink water, and <-0 
forth, in less than one minute fiom the time they had been pcrfectlc 
flaccid If the animal is allowed to develop the coinulsionc, which 
aie quickly followed by death when untreated, the results arc ewen 

* From the Division of E\perimcntal Surgerv and Patholog) 7 lie M.no 
Foundation, and the Section on Clinical Laboratories, Majo Clinic 

1 Mann, F C Studies on the Pliysiolog\ of the Lncr I Technic .ind 
General Effects of Removal, Am J M Sc 161 37 fjan ) 1921 Mann I C uid 
Magath, T B The Effect of Total Rrino\al of the Lncr, Tr ^cct Pub k 
Physiol, ^ itf 1921, p 29 
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more striking The convulsions stop immediately, consciousness returns, 
and m a minute or two the animal walks around normally Restoration 
to normal is usually possible by the injection of glucose at any stage 
of the moribund condition until the heart has actually stopped We 
have restored an animal after the cessation of respiration by maintain- 
ing artificial respiration until the glucose could be injected 
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Fig 1 — O Time of removal of liver D Time of death The first curve 
represents the average length of life in the average untreated hepatectomized 
animal The curve was constructed and the averages obtained from six animals 
dying from results of uncomplicated hepatectomy The second curve rep- 
resents the length of life following removal of the livers of various animals 
after the administration of glucose Note the great increase m length of life 
due to the glucose administered 


Immediately after the injection of glucose, the blood sugar i caches 
a very high level , at first it decreases quickly, then falls more slowly 
As the level again becomes low, the typical symptoms reappear The 
time this occurs after injection depends on many factors Some of 
these are the amount of glucose injected, whether the animal is active 
or quiet, and whether or not it is kept warm Restoration of the 
animal from the comatose condition can be repeated many times b) the 








e\n9 10 11 li 1 2 3 / s 6 r 5 9 10 II 12 l/>n2 3 4 5 C r o 9 10 il 12 1 2 


Fig 2 — O Point of removal of liver S and D respectively De\elopinent 
of symptoms and death The first curve represents the blood sugar after the 
administiation of glucose by rectum for many hours Absorption was not sufii- 
cient to maintain correct blood sugar level and glucose also was given intrave- 
nously for the last eight hours of the experiment The second curve represents the 
blood sugar after the administration of glucose through a jejunostomy, and the 
blood sugar level was maintained The third curve represents the blood sugar 
level during the administration of glucose orally and the blood sugar level was 
maintained throughout the experiment The fourth curv'c represents the blood 
sugar without the administration of glucose until the animal had developed the 
first symiptoms wdien it was given intravenously The fifth curve illustrates the 
average course of blood sugar following removal of the liver Note the increase 
in the length of life when the blood sugar level was maintained at normal or 
above normal 
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injection of gkicose In each instance, its clinical condition exactly 
coincides with the blood sugar level Finally, however, usually after 
many restorations, it may be noted that the same amount of glucose 
does not maintain the animal in a normal condition for so long a time 
and the characteristic symptoms develop at a higher blood sugar level 
The Chatactci of the Symptoms that Develop zvith a High Blood 
Sugai Level Aftei the Adimmstt ahon of Glucose — At this stage of 
the experiment another condition develops and other symptoms appear 
These differ with different animals In some experiments the animal 
suddenly becomes comatose and remains so for a variable period, 
usually not more than an hour, and dies suddenly and quietly In 



Fig 3 — The first curve shows the average change in blood sugar following 
removal of the liver The second curve shows the gradual decrease in blood 
sugar of a dog kept very quiet after operation and artificial heat applied 
O Liver removed Si Animal moribund, 0125 gm glucose for each kilogram 
of body weight was injected This barelj' increased the blood sugar but 
restored the animal so that it could walk This is the minimal amount of 
glucose which will produce a reaction when the animal is moribund 


Other experiments the symptoms are similar to those following excessive 
feeding of meat to animals with Eck fistulas The animal is at first 
quite restless, ataxia then appears, and sight and hearing are lost 
Coma develops and death is sudden and quiet Anuria usually accom- 
panies this second moribund condition, the blood sugar level may be 
high and the injection of glucose is Avithout beneficial effect 

The clinical appearance of the condition associated with low blood 
sugar and that with high blood sugar, is quite different There is no 
difficulty in noting when the second condition is de^ eloping, but the 
rate at which it develops cannot be anticipated as it can in the first 
condition which is associated with a decrease in blood sugar The 
cause of the second condition has not been determined, but it seems 
to be dependent on some change m metabolism other than carbohydrate 
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The Effect of Adimmshatwn of Glucose by Continuous Intia- 
venous Injection^ Though the Ahmeniai y Tiact and JnttafcntoncoIIv 
— In some experiments, befoie the blood sugar had decre.i'-td to a 
low level and before symptoms occurred, glucose was injected slowh 
and at a fanly unifoim rate with a continuous injection machine In 
this mannei the blood sugar level was kept normal or shghtlj .iho\e 
noimal The first gioup of symptoms never developed in these animaK, 
but aftei from eighteen to tw'enty-four hours, the second group de\ el- 
oped and the animals died 

In one senes of experiments, an attempt was made to maintaip the 
noimal blood sngai level by the injection of glucose into the rectum 



Fig 4 — O Liver icmovccl Blood sugar which was lallicr low hcfoic 
opeiatioii decreased immediately and three hours after it was only 0 04 S. I lie 
animal was moribund, it was restored to normal by the injection of 0 25 gm 
glucose for each kilogram of body weight S: After one hour \\hcn it vas 
necessary to repeat the injection Sa Injection again rejicatcd Si At the 
end of the next houi symptoms developed and 0 25 gm maltose for each kilo- 
gram of body iveight was injected The maltose restoicd the animal in exarth 
the same manner as the glucose, except that the period of rccovcr\ was slower 
Note the uniform rise m blood sugar following glucose injection, and th it 
0 25 gm for each kilogram of body w'cight appeared to last one hour 


In this \ve were only partially successful, because m many instances 
a consideiable amount of injected fluid tvas i ejected Howeter, the 
blood sugai level remained higher and the first group of s}mptoms 
appeal ed latei than m animals not given glucose In some cases enough 
glucose Avas absoibed so that the first group of s}mptoms did not 
develop but the animals died in from eighteen to twenty-four liouis 
follownng the development of the second gioup of symptoms 

In some experiments the glucose wnis given b} mouth, a few cubic 
centnneteis of a w^eak solution, for example 10 jier cent administered 
eveiy few^ minutes beginning as soon as the animal reco\cred from 
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the immediate effects of the operation These experiments were veiy 
successful so far as keeping the animal alive was concerned In most 
cases the blood sugar was maintained at a normal level and the animal 
never developed the first group of symptoms, but died after the appear- 
ance of the second group By a combination of oral and intravenous 
administration we were able to keep an animal alive thirty-four hours 
after complete removal of the liver 

The chief difficulty encountered with the oral administration was 
that the operative trauma sometimes interfered with the emptying 
of the stomach so that most of the glucose did not pass into the intestine 
where it could be absorbed To obviate this a jejunostomy was made 
in some experiments at the time the liver was removed The adminis- 
tration of glucose through a jejunostomy tube was the most satisfactory 
method used We were able also to keep the blood sugai level normal 
by the intraperitoneal injection of glucose 

The Constancy of the Effect of Glucose — We obseived the lesus- 
citating action of glucose administered intravenously, moie than 200 
times in about forty hepatectomized animals It never failed to restore 
to normal an animal that had developed the group of symptoms asso- 
ciated with low blood sugar Further we administered glucose to 
tv ent)''-five hepatectomized animals by the other methods mentioned, 
and in none in which we were successful in maintaining a normal 
blood sugar value or a hyperglycemia, did the first characteristic group 
of symptoms develop 

The Effect of Othei Substances Admimsteicd — We attempted to 
determine whether the restorative action of glucose in the moribund 
condition following hepatectomy was specific For this purpose a wide 
1 ariety of substances which would seem to give some promise of having 
a related action, were tested in the same manner and in amounts which 
seemed to correspond to the amount of glucose necessary to restore 
the hepatectomized animal to normal The following substances tested 
were found not to have a restorative action 

Saccharose , lactose , levulose , inulin , sodium chlorid , sodium 
sulphate , sodium carbonate , sodium bicarbonate , ethyl alcohol , glycerol , 
lactic acid (racemic), acetic acid, hydrochloric acid, pyruvic acid, 
epmephnn , pituitary extract , glycocoll 

Only four substances were found, besides glucose, which had a 
beneficial action when injected into the moribund animal with a low 
blood sugar follovnng removal of the liver These are maltose, 
mannose, dextrin and galactose 

The action of maltose is somewhat cumulative When it is first 
injected in an animal vnth the characteristic symptoms following 
hepatectomy, the recorery is ^ery slow but complete Ten minutes 
may elapse between the time of injection and the time the animal 



M/l\i\-M/}G4TII~PIiySJ0L0G) OF LIlFJi 1 " 

can walk, whereas when glucose is injected reco\ery is usuall) complete 
111 from one to foui minutes When the animal become‘^ moribund 
again and maltose is again injected, the recovery is much fa‘^tci than 
after the first injection Mannose produces a response similar to 
maltose Dextrin produces a definite but veiy slight beneficial action 
The animal will probably regain consciousness and muscle tone hut 



Fig 5 — A Animal just preceding total removal of the lucr Two previous 
operations have been performed (1) A reverse Eck fistula, (2) ligation of 
the portal vein Blood sugar at this time, 0 10 per cent 

B Animal one hour after removal of the liver and less than two hours 
after the photograph shown in A Note that the animal appears normal 

C Animal moribund, six and one-half hours following the total remoial of 
the liver The animal flaccid, with a few muscular tvitchings Without treat- 
ment this animal would probably have been dead within another hour Blood 
sugar at this time, 0 05 per cent 

D Animal four minutes after the injection of glucose and flee inimilts 
after the picture shown in C The animal again appears normal 


Will not be able to stand when dextrin is injected The beneficial action 
of galactose is so slight and transient that it vould scarce!} be noted 
unless the animal were under the strictest observ ation While we hav e 
not detei mined why certain substances are beneficial in the restoration 
of an hepatectomized animal to normal it should be noted that maltO'^e 
IS supposed to be converted into glucose in the blood stream If 
this IS true, it explains the beneficial effect of malto=e on hcpatec- 
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tomized dogs, and the release of excess maltose m the blood after the 
first injection explains the better and more prompt effect of the second 
We suggest that mannose also may be changed into glucose m the 
blood stream The beneficial effect of dextrin may be explained on 
the basis that it contains maltose and glucose as impurities 

The Amount of Glucose Necessary to Restore the Animal to 
Noimal — While there has been individual variation in the reaction 
of the hepatectomized animal to various amounts of glucose, in geneia! 
the quantitative relationship has been constant The smallest amount 
of glucose which will produce a definite beneficial action m the moribund 
hepatectomized dog is 0125 gm for each kilogram of body eight 
Smaller amounts than this usually do not produce noticeable effects, 
or produce questionable effects One-eighth gram of glucose for 
each kilogram of body weight lestores the animal to consciousness 
and enables it to stand, but not to regain its normal strength, and in a 
short time, from fifteen to thirty minutes, the comatose condition 
returns When 0 25 gm 'of glucose for each kilogram of body weight 
is injected, the recoveiy is prompt and complete In our routine work 
we found that 0 5 gm of glucose for each kilogram of body weight 
was the most satisfactory amount 

The Amount of Glucose Nccessaiy to Maintain the Animal in a 
Noimal Condition — The amount of glucose to keep the hepatectomized 
animal normal is subject also to individual variation, but on the whole 
IS constant In the average animal, kept quiet m a warm room, 0 25 
gm glucose for each kilogram of body weight maintains it for one 
hour If the animal is flaccid and 0 25 gm for each kilogram of bod) 
weight is injected mtiavenously, the animal will be restored to normal 
and will not need another injection for about an hour Our routine 
injection of 0 5 gm glucose for each kilogram of body weight usually 
was sufficient to maintain the animal for two houis The effect of 
various experimental procedures, activity, and cold, often make it 
necessary to repeat the injections more frequently 

The Geneial Effects of the Glucose Injection — The symptoms asso- 
ciated with the deci easing blood sugar following hepatectom}^ seem to 
show that at fiist theie is a depression and latei a stimulation of the 
central neivous system We have not as yet determined definitel) the 
nature of this piocess or the component parts of the nenous system 
acted on In any event the injection of glucose abolishes comjilelch all 
symptoms referable to the nei\ous system 

The effect of glucose miection on blood pressure depends on the 
condition of the latter at the time of injection If the pressure is 
almost noimal, as it is at the beginning of an experiment, the glucose 
causes but slight effect If the piessure is lou as occurs after an 
animal has been restoied many times, the glucose causes a di';tmct ri'^e 
111 pressure 
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The heart rate, which is usually very rapid after hepatectomy, may 
become slower when the blood sugar is very low When the animal 
has developed well marked symptoms, it is usually irregular The 
injection of glucose, regardless of the rate of heart beat produces a 
beneficial action, making it stronger and more regular Electrocardio- 
graphic tracings have shown no change either when the animal was 
flaccid or after recovery following glucose injection 

In many of the experiments the irregularity of the respiration is 
marked Following the glucose injection the respiratory movements 
return to normal 

The general temperature curve is downward throughout the course 
of an experiment In some instances when this factor was observed 
closely, it rose slightly following glucose injection In most experi- 
ments, the more rapid decrease in temperature occurred while the 
animal was moribund 

DISCUSSION 

The explanation of the decrease in blood sugar following hepatec- 
tomy and of the remarkable restorative action of glucose when the 
animal seemed to be dying, is probably the same ^ The chief possibil- 
ities in regard to this explanation were discussed in a previous paper ^ 
Our further investigations enable us to elaborate on this discussion 
In view of the current idea that the liver is of great importance 
in regulating the reaction of the blood it was conceived that the removal 
of the organ might produce a condition either of alkalosis or acidosis, 
and that the glucose acted in some way to restore the hydrogen ion 
content of the blood However, we have never found sufficient change 
in the hydrogen ion concentration or the carbon dioxid combining 
power of the blood at the time the first group of symptoms developed 
to warrant such a consideration Furthermore, the injection of both 
acids and alkalis make the condition worse 

The action of glucose may also be explained by its osmotic power 
of changing the fluid concentration of the body cells and the composi- 
tion and volume of the blood, thus washing out and diluting toxic 
substances which developed in the cells because of the absence of the 
liver That this is not the manner by which glucose produces the 
remarkable effect is proved amply by the fact that other substances 
having even greater osmotic strength, such as hypertonic solutions 
of sodium sulphate and sodium chlorid, do not produce beneficial 
action when injected m large amounts The injection of other sugars 
such as levulose, saccharose, and lactose is of no value, while a weak 

2 Mann, F C , and Magath. T B Studies on the Physiology of the Liver 
II Effect of Removal of the Luer on the Blood Sugar Level, Arch Int Med 
30 73 (July) 1922 
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solution of glucose restores to normal A simpler explanation and one 
which agrees with most of our definitely pro\ed facts, is as follows 

When the liver is removed a considerable proportion of the glucose 
storage capacity and the mechanism for elaboration of glucose is 
destroyed The tissues use the sugar in the blood wdnch foi a \ariablc 
period IS partially maintained by the transformation into glucose of the 
available glycogen in the muscles As the tissues utilize the glucose 
faster than it can be liberated from the muscles, blood sugar decreases 
as soon as the liver is removed When the blood sugar has decreased 
below a certain amount, the concentration in the cells of the body 
becomes too low to maintain the normal cellular metabolism This 
leads to the development of the characteristic symptoms described 
The mjeetion of glucose furnishes another food supply and cellular 
metabolism returns While this is the most simple explanation of 
our facts, the final explanation will depend on the correlation wnth this 
of many other factors, for example the suddenness of the decrease 
in blood sugar 

The central nervous system seems to be early and markedly affected 
by the decrease in blood sugar While the entire phenomenon wdnch 
w^e have been studying can be referable to an effect on the central 
nervous system, at present it seems best to consider it a general bodily 
reaction 

SUMMARY 

The total removal of the liver is follow^ed by a definite and progres- 
sive decrease in blood sugai Coordinate wnth this decreasing blood 
sugar, a charactei istic group of symptoms de\elops If glucose m 
suitable amounts is injected intravenously into an animal exhibiting 
these characteristic symptoms, it is immediately restored to normal 
If glucose IS administered so that the blood sugar does not decrease, 
the symptoms do not develop 



STUDIES OF CEREBROSPINAL FLUID AND BLOOD 
OF SYPHILITIC AND NORMAL PERSONS 

WITH SPECIAL REFERENCE TO THE IMMUNITY REACTIONS AND 
THE COLLOIDAL GOLD TEST ON THE ORIGINAL AND 
ULTRAFILTERED FLUIDS AND SERUMS 

CHARLES E NIXON, MD, and KOICHI NAITO, MD 

MINNEAPOLIS 

The investigations reported in this paper have to do with various 
chemical, physical and immunologic studies of the cerebrospinal fluid 
and blood of syphilitics and nonsyphilitics and, also, with the factors 
concerned in the colloidal gold and the Wassermann reactions The 
experiments fall more or less into two groups and so, for convenience 
in discussion, we have divided our paper into two parts I Ultra- 
filtration of Syphilitic Serum, II The Substances Concerned in the 
Colloidal Gold Test and the Nature of the Reaction 

Ultrafiltration of Syphilitic Serum 
Part I 

I INTRODUCTION 

The nature of the active substance concerned in the Wassermann 
reaction has been discussed by many authors and numerous theories 
have been advanced as to the nature of this substance Citron and 
Reicher ^ regarded it to be of a lipoid nature Berczeller and Schil- 
hnger ^ extracted syphilitic serum by ether and alcohol The W asser- 
mann reaction on the serum was weakened after extraction by ether but 
the Y’assermann reaction was negative on the extract itself 

’*'From the Division of Nervous and Mental Diseases and the Department 
of Physiological Chemistry, University of Minnesota, Minneapolis This work 
was done under a grant from the United States Interdepartmental Social 
Hygiene Board We are indebted to Dr J F McClendon for many valuable 
suggestions and criticisms and to Dr S Marx White for unfailing interest and 
advice in the course of the work and the preparation of the paper 

^ Part of the w'ork presented in this paper was submitted as a thesis to the 
faculty of the Graduate School of the University of Minnesota, m partial ful- 
fillment of the requirements for the degree of Doctor of Philosophy m Nervous 
and Mental Diseases, 1921 (C E N ) 

1 Citron and Reicher Cited from Kolle and Wassermann, Handbuch der 
pathogenen Microorganismen 7 972, 1913 

2 Berczeller, L, and Schillinger L Beitrag zur chemischen Untersuchung 
der Wassermannschen Reaktion, Biochem Ztschr 90 215 1918 



MXOAi-NAlTO— BLOOD AND CEREBROSPINAL FLUID 183 


Wassermami ^ divided the Wassennann reaction active substance 
into two parts One of the parts was soluble in alcohol and the other 
was soluble in water The former had a lipoid character and the 
latter contained protein The Wassennann reaction on the alcoholic 
soluble substance was negative The reaction of the mixture of the 
alcohol soluble substance and the water soluble substance was positive 
The Wassermann reaction on the water soluble substance itself was 
positive Schmidt ^ claimed that the W assermann reaction active sub- 
stance was a globulin According to this author the Wassermann 
reaction was also positive on globulin from normal serum but Bauei 
and Hirsch® stated that the leaction was only positive on globulin 
from strong positive serum 

According to Felke,® the Wassermann reaction was positive on 
albumin and he considered albumin to be the leaction substance He 
separated globulin from albumin by hydrochloric acid but as globulin 
cannot be quantitatively precipitated by acid ' some globulin must, 
therefore, remain m the albumin fraction 

Scheer ® filtered syphilitic milk and syphilitic serum by ultiafiltration 
(3 per cent filtered) He found the Wassermann reaction to be 
negative on these ultrafiltrates Egerer ° found the ultrafiltrates of 
syphilitic serums and spinal fluids to give weaker colloidal gold reac- 
tions than the originals 

In our experiments, syphilitic serum was filtered by the ultrafilter 
and the Wassermann reaction was done in the filtrates The Wasser- 
mann reaction was also done on the globulin and albumin from normal 
and syphilitic serum, and the filtrabihty of globulin in syphilitic serum 
was compared with that in the normal serum The globulin and 
albumin content of normal and syphilitic serum was estimated 

II METHODS 

A Ulti afilti atwn — The apparatus for the ultrafiltration experi- 
ments was the one constructed for the experiments done by Egerer ° 
and was of the type descnbed by Bechhold The inside of the 
apparatus was coated with tin and the net under the filter was coated 
with gold This was done at the suggestion of Dr Larson when we 
found that we were getting anticomplementary reactions on the filtrates 

3 Von Wassermann, A Neue experimentelle Forschungen ueber Syphilis 
Berl klin Wchnschr 58 193, 1921 

4 Schmidt Ztschr f Hyg 69 513, 1911 

5 Bauer and Hirsch Wien klin Wchnschr 25 155 1912 

6 Felke, H Die Rolle der Albumine und Globuline bei der Wasser- 
mannschen Reaktion, Munchen med Wchnschr 68 1597, 1921 

7 Hoppe-Seyler’s Handbuch der Analyse, p 406 

8 Scheer, K Untersuchungen uber die Sachs-Georgische Reaktion mit 
Milch luetischer Frauen, Ztschr f Immunitatsforschung 30 178, 1920 

9 Egerer To be published 

10 Bechold, H Ultrafiltration, Biochem Ztschr 6 379, 1907 



184 


ARCHIVES OF INTERNAL MEDICINE 


Forty or fifteen pounds of pressure was used to filter the serum 
according to whether a 5 or 3 per cent coating was used in the ultra- 
filtration Gun cotton was dried in the desiccator for a few weeks 
before the preparation of the collodium solution 

B The Wassetmann Reaction — 1 Amoceptor A rabbit was 
injected intravenously with 1 c c of sheep blood cell suspension every 
other day, five times in all The rabbit was bled one week after the 
last injection and the hemolytic power of the serum was titrated 
One-tenth cubic centimeter of the serum in the dilution (See serum 
in 12 c c salt solution) was just enough to hemolyze 0 5 c c blood 
cell suspension with 0 06 cc guinea-pig serum in dilution (1 cc 
serum in 10 c c salt solution) 

2 Antigen Twenty grams of human heart was put into 100 c c 
of absolute alcohol for ten days Ten cubic centimeters of this extract 
was mixed with 9 cc salt solution Four drops of 0 4 per cent 
alcoholic solution of cholesterin was added to the extract solution 
One-tenth cubic centimeter of the antigen solution was used in the 
test 

3 Sheep Blood Cells Sheep blood was defibnnated by stirring 
with sterile wood sticks The defibnnated blood was filtered by cotton 
and it was centrifugalized and washed with salt solution This was 
repeated three times One cubic centimeter of blood cells was sus- 
pended in 60 c c of 17 per cent salt solution, and 0 5 c c of this 
suspension was used for the test 

4 Complement One cubic centimeter guinea-pig serum was put 
into 10 c c of salt solution Two minimum hemol3rtic units were used 
for the test The units were estimated by the titration with amboceptor 
as follows Of the guinea-pig serum diluted as stated, 0 03, 004, 
0 05, 0 06, 0 07, 0 08, 0 09 and 0 1 c c , respectively, was put into eight 
small test tubes and 1 5 c c salt solution, 0 5 c c blood cell suspension 
and 0 1 c c amboceptor serum was added to every tube The tubes 
were left in the incubator at 37 C for one hour The minimum 
hemolytic unit of the complement solution was determined by the 
amount necessary for complete hemolysis 

5 Wassermann Test Proper The serum to be tested was left in 
the thermostat at 65 C for thirty nunutes One drop of blood serum 
to be tested was put into the mixture of 15 c c salt solution, 0 1 c c 
antigen and two minimum hemolytic units of complement This was 
left in the incubator at 37 C for one hour After this period 0 1 c c 
of the amboceptor solution and 0 5 c c of the blood cell suspension 
was added to the mixture and it was kept in the incubator at 37 C 

11 We are indebted to Dr Larson head of the department of Bacteriology, 
for the Aarious reagents used in the Wassermann test 
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for one hour again Two contiol tests weie made at the same time 
One of them containing the hemolytic system and the antigen, but 
without the serum to be tested, the other control consisted of the 
hemolytic system with neither antigen nor serum to be tested The 
tubes with the test, which were to be used for the test, were then 
centrifugahzed The degiee of hemolysis was compared with the 
standard solution of hemoglobin 

This staijdaid solution of hemoglobin was made by mixing 01, 
0 2, 0 3, 0 4 and 0 5 c c of blood cell suspension, which was used for 
the Wasseimann test, respectively, with 1 4, 1 3, 1 2, 1 1 and 1 c c of 
distilled water The amount of hemoglobin in the last tube (0 5 c c 
blood cell suspension mice distilled water) is equal to that of the 
test when complete hemolysis took place oi the Wassermann test was 
absolutely negative The amount of hemoglobin in the first tube (01 
c c blood cell suspension in 1 4 c c distilled water) is, therefore, equal 
to that in a test in which the degiee of hemolysis is one fifth, or the 
Wassermann leaction is 80 per cent positive, and the dilutions above 
give comparisons for 80, 60, 40 and 20 per cent positive, and, as 
already stated, foi complete negative, i e , complete hemolysis 

6 Salt Solution Nine-tenths per cent sodium chlorid solution of 
a 7 4 was used 

7 The influence of the H ion on the titiation of complement was 
investigated The experimental results were as follows 

The influence of H ion concentrations on the titration of comple- 
ment was determined by changing the H ion concentiations from pn 
6 15 to /^n 8 4 with sodium bicarbonate 

Salt solution of vaiying pu was used, the pn of the blood cell 
suspension was 6 15 and this was kept constant in all experiments 
The pn of the medium in which the titration of complement was made 
is that of the mixture of the salt solution, blood cell suspension, 
amboceptor and complement But the pn which is noted m the follow- 
ing table IS that of the mixture of salt solution and blood suspension 

The H ion concentration of the solution was determined by the 
colorimetric method A phosphate mixture (of primary and secondary 
phosphate) and borax mixtuie (a mixture of borax and boric acid) 
was used as the standard solution Phenol red (pn 7 0 — 79), thymol 
blue (pn 8 0 — 9 0) and brom cresol purple (pn 5 6 — 6 6) were used 
as indicators 

In the titiation were used 15 cc salt solution (0 9 per cent), 
0 5 c c of 1 7 per cent blood cell suspension, from 0 01 to 0 1 c c of 
complement (diluted guinea-pig seium, 1 0 cc of serum plus 10 cc of 
salt solution) and 0 1 c c amboceptor (diluted immune rabbit serum, 
0 3 c c serum plus 12 c c salt solution) 
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The effect of the H ion concentration on the complement was 
determined by comparing velocity of the hemolysis The velocity of 
the hemolysis can be compared by measuring the amount of comple- 
ment by which the hemolysis was completed in a certain time If the 
amount of complement necessary to make the hemolysis complete is 
smaller, then the velocity of the hemolysis is greater Therefore, we 
compared the velocity of hemolysis by measuring the reciprocal amount 
of the complement by which the hemolysis was completed in a certain 
time Or, more accurately, estimations of the effect of H ion con- 
centration can be obtained by comparing the velocity of hemolysis at 
various intervals Therefore, the velocity of hemolysis was compared 
at fifteen, thirty, forty- five and sixty minutes The sum of the reciprocal 
amount of the complement, by which the hemolysis was complete in 
fifteen, thirty, forty-five and sixty minutes was noted as the figure 
which is proportional to the velocity of the hemolysis The lesults 
are noted m the accompanying tables 

The totals of the reciprocal amounts of complement necessary to 
complete hemolysis at fifteen, thirty, forty-five and sixty minutes in a 
group of three experiments are shown in Table 4, the pn varying from 
6 15 to 8 4 

The velocity in the same experiments at sixty minutes alone is 
shown in Table 5 

CONCLUSIONS 

1 If we compare the velocity of hemolysis at fifteen, thirty, forty- 
five and sixty minutes, the velocity at pu 815 is the greatest and it 
decreases in both directions from this point 

2 If we compare the velocity of hemolysis at sixty minutes alone 
the influence of pn, except at pn 615 and pn 8 4, on the velocity of 
hemolysis is not so remarkable, as compared at fifteen, thirty and 
forty-five minutes 

3 Therefore, if the titration was made by measuring the amount 
of complement by which the hemolysis was complete at sixty minutes, 
the pH of the solution can be changed between 6 5 and 815, without 
making any notable difference on the results of the test 

C Estimation of Globulin and Albumin — The Ross-Jones test was 
used in making the globulin determinations and the nitric acid test was 
used for noting the presence of albumin Before the nitric acid test 
was made on the serum, the serum was made globulin free by precipita- 
tion with ammonium sulphate in half saturation and filtration The 
numbers give the highest dilution of the serum in which the globulin 
or albumin test was positive, and, therefore, are proportional to the 
amounts of globulin and albumin respectively 
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TABLE 1 — Velocity of Hemolysis With pn 7 55 * 


Complement, m 0 c 


15 minutes 

Hemolysis 

0 02 

0 03 

004 

005 

0 05 

oov 

0 08 

0 09 

1 0 
-4~ 

30 minutes 

Hemolysis 

— 

— 

— 

± 

d: 

+ 

+ 

+ 

a- 

45 minutes 

Hemolysis 

— 

— 

— 

H- 

+ 

+ 

-U 

+ 


CO minutes 

Hemoljsis 

— 

— 

-f- 

-f 

+‘ 

+ 

_L 

-1- 

+ 


+ = Complete hemolysis, dt = partial hemolysis, — = no hemolysis 


TABLE 2 — Velocity of Hemolysis With pn 8 15 


Complement, m C c 


15 minutes 

Hemolj SIS 

0 02 

0 03 

0 04 

0 05 

0 06 

0 07 

0 08 
-4- 

0 09 

10 

“4” 

30 minutes 

Hemoljsis 

— 

— 

— 

-4- 

+ 

+ 

+ 

+ 

+ 

45 minutes 

Hemoljsis 

— 

— 

-t- 

+ 


+ 

+ 

+ 

+ 

CO minutes 

Hemolj'sis 

— 

— 

+ 

+ 

+ 

+ 

+ 

+ 

T 


TABLE 3 — Velocity 


OF Hemolysis With Reciprocal Amount 

of Complement [— ] 

i c j 



Ph 7 55 

Ph 6 15 

15 minutes 

0 

0 

30 minutes 

14 2 

16 6 

45 minutes 

ICC 

20 0 

CO minutes 

25 0 

25 0 


TABLE 4 — Reciprocal Amounts of Complement Necessary 
TO Complete Hemolysis 




Velocity of the Hemoljsis 

615 

65 

715 

7 55 

815 

84 

E-speriment 1 

67 2 

901 

901 

lOOO 

104 6 

78 2 

Experiment 2 

SO 4 

880 

91 2 

100 0 

127 8 

93 8 

Experiment 3 

73 8 

89 0 

89 0 

lOOO 

140 7 

65 8 


73 8 

89 0 

901 

100 0 

124 9 

79 2 

TABLE 5 

— Velocity 
( 

OF Hemolysis 

AT Sixty 

Minutes 



Ph 


Velocity of the Hemolysis 

615 

65 

715 

7 55 

815 

84 

Experiment I 

75 0 

100 0 

100 0 

100 0 

100 0 

600 

Experiment 2 

855 

85 5 

85 5 

100 0 

100 0 

75 4 

Experiment 3 

801 

lOOO 

100 0 

100 0 

100 0 

66 8 


801 

051 

951 

100 0 

100 0 

67 4 




188 


ARCHIVES OF INTERNAL MEDICINE 


For example, if the highest dilution of serum giving a positive 
globulin test was 1 400 and the highest dilution giving an albumin 
test was 1 600, then the ratio of globulin to albumin would be as 
400 600 

The ratio of the content of globulin and albumin, which is shown 
m Table 6, is not the same as the actual ratio m the serum because the 
sensitivity on the globulin test and albumin test is not equal, but changes 
in the ratio of globulin and albumin can be determined by this method 
D Dialysis of Sei um — The collodion sac was used for the dialysis 
experiments The collodion solution was made by dissolving 25 gm 
collodion in 500 c c of a mixture of equal parts of ether and alcohol 
E Pi epai ahon of Globulin and Albumin — Serum was diluted one 
half by distilled water and half saturated by the saturated ammonium 
sulphate solution The precipitate of globulin was separated from the 
solution by centrifugation The globulin was purified of salts by 
dialysis m the collodion sac in running tap water for two or three days 
The solution containing the albumin fraction was filtered and dial 5 'zed 
m tlie same way The dialyzed albumin solution was filtered again 
and mixed with the same amount of 1 8 per cent salt solution 

The globulin, which was dialyzed, was dissolved in a 09 per cent 
salt solution 

III EXPERIMENTS 

1 Wassermann Reaction on Dialyzed Serum, Globulin and Albumin 
The Wassermann reaction was done on the dialyzed serum, globulin 
and albumin The positivity of the Wassermann reaction of the serum 
increased after dialyzation 14, 100 and 200 per cent , respectively, m 
the three cases of four experiments The positivity did not change m 
one experiment , in two other experiments the positivity of the reaction 
did not change but in these two tests the Wassermann reaction was 
100 per cent positive before and after dialysis, the positivity of the 
Wassermann reaction of the serum after dialysis increased on an 
average of 78 5 per cent m four expenments 

The Wassermann reaction on the globulin, which was separated 
from the serum, was done and compared with the reaction on the 
original serum The positivity on the globulin was increased 150 and 
400 per cent , respectively, in two cases , it did not change in two 
experiments , m one case it was 60 per cent positive and in another 
case It was 100 per cent positive before and after the dialysis 

In two cases it was decreased after the dialysis The decrease of 
the positivity of the reaction after the dialysis was 24' per cent in one 
case and 10 per cent in another 

Hence, we can say that the Wassermann reaction on the globulin 
was positive after its separation from the serum 

The ^^'assermann reaction on albumin was negative in five cases 
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The Wassermann reaction was done on the globulin, which was 
separated from the normal serum The reaction was from 20 to 100 
per cent positive, averaging 72 per cent positive m twenty-one cases 
2 Ratio of Globuhn and Albumin in Normal and Syphilitic Serum 
The Wassermann reaction ^vas done on serum from normal and 
syphilitic patients and the ratio of globulin and albumin m these 


TABLE 6 — Wassermann Reaction on Syphilitic Serum, Dialyzed 
Serum, Globulin and Albumin 





Dilution 


Dajs 

Wasser- 

Per- 

Change 

No 1 



of 


of 

mann 

centage 

After 



Solution 

Drops 

Dialysis 

Reaction 

Positive 

Dialysis 

Original serum 




1 


+ 

100 

Dialyzed serum 
Dialyzed globulin 

in 

salt 

16 1 

8 

S 

+ 

100 

0 

solution 



16 1 

S 

3 

+ 

lOO 

0 

No 2 







Original serum 




1 


+ 

ro 


Dialyzed serum 



16 1 

8 

3 

+ 

60 

-fl4% 





11) 


+ 

80 

Dialjzed globulin 

m 

salt 







solution 



16 1 

3 

3 

+ 

40 






16 


+ 

50 

—24% 

Dialjzed albumin 

m 

salt 






solution 



16 1 

8 

3 

— 

0 






16 


— 

0 


No 3 









Original serum 




1 


■f 

lOO 


Dialjzed serum 



12 1 

6 

3 

+ 

80 






12 


+ 

lOO 


Dialjzed globulin 

in 

salt 







solution 



12 I 

6 

3 

+ 

70 






12 


+ 

DO 

-10% 

Dialyzed albumin 

in 

salt 






colution 



12 1 

0 

3 


0 






12 


— 

0 


No 4 









Original serum 




1 


+ 

40 


Dialjzed serum 
Dialyzed globjlin 

m 

salt 

24 1 

24 

3 

+ 

80 

■fl00% 

solution 

Dialyzed albumin 

in 

salt 

14 1 

14 

3 

+ 

100 

+150% 

solution 



14 1 

14 

3 

— 

0 

0 

No 5 








Original serum 




1 


+ 

20 


Dialyzed scrum 
Dialyzed globulin 

In 

salt 

12 1 

12 

3 


60 

+200% 

solution 

Dialyzed albumin 

in 

salt 

12 1 

12 

3 

+ 

100 

+400% 

solution 



14 1 

14 

3 

— 

0 

0 

No 6 









Original serum 




1 


+ 

60 


Dialyzed serum 



16 1 

8 

2 

+ 

50 






1C 


+ 

60 

0 

Dialyzed globulin 

in 

salt 







solution 



16 1 

8 

2 

+ 

50 

0 





16 


+ 

60 

0 

Dialyzed albumin 

in 

salt 







solution 



16 1 

8 

2 

— 

0 






16 



0 



various serums was determined Table 8 gives the result of nineteen 
determinations of the globulin and albumin ratio and the Wassermann 
reaction and in addition shows the result of six experiments m which 
the concentration of serum was changed 

From the study of Table 8, it is evident that neither the actual nor 
the relative amounts of globuhn and albumin is the essential factor 
in determining the positivity of the Wassermann reaction 
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3 Filtrability of Syphilitic Antibody by Ultrafiltration (3 and 5 
per cent ) A syphilitic serum was filtered by 3 and 5 per cent ultra- 
filter The Wassermann reaction was done on the original and filtered 
serum Five of the fifteen filtrates by 3 per cent ultrafilter gave a 

TABLE 7— Wassermann Reaction on Dialyzed Globulin 
FROM Normal Serum 






Wassermann Reaction 

Wassermann Reaction 





on Dvalyzed Globulin 


on Original Serum 


Concentra 


Wasser- 

Concentra' 


Wasser 


Wasser- Wasser- 


tion of 


mann 

tion of 


mann 


mann mann 

No 

Globulin 

Drops 

Reaction 

Globulin 

Drops 

Reaction 

Drop 

Reaction Drops Reaction 

1 

Original 

1 

+V0% 

1 2 

1 

+65% 

1 

— 

2 

Original 

1 

+80% 

1 2 

1 

+60% 

1 

— 

s 

Original 

1 

+60% 

1 2 

1 

+50% 

1 

— 

4 

Original 

1 

+90% 

1 2 

1 

+80% 

1 

— 

5 

Original 

1 

+■70% 

1 2 

1 

+K% 

1 

— 

6 

Original 

1 

+T0% 

1 2 

1 

+60% 

1 

— 

7 

Original 

1 

+80% 

1 2 

1 

+60% 

1 

— 

8 

Original 

1 

+vo% 

1 2 

1 


1 

— 

9 

Onginal 

1 

+60% 




1 

— 

10 

Original 

7 

+70% 




1 

— 

11 

Original 

1 

+V0% 




1 

— 

12 

Original 

1 

+■70% 




1 

— 

13 

Original 

1 

+70% 




1 

— 

14 

Original 

1 

+100% 

1 2 

1 

+100% 

1 

— 2 — 

15 

Original 

1 

+100% 

1 2 

1 

+100% 

1 

— 2 — 

16 

Original 

1 

+100% 

1 2 

1 

+90% 

1 

— 2 — 

17 

1 4 

4 

+70% 

1 4 

8 

+■70% 

1 

— 

18 

1 4 

4 

+■70% 

1 1 

8 

+70% 

1 

— 

19 

1 3 

3 

+50% 

1 4 

6 

+50% 

1 

— 

20 

1 4 

4 

+20% 

1 4 

8 

+60% 

1 

— 

21 

1 4 

4 

+80% 







TABLE 

8 — ^Wassermann Reaction on Syphilitic 
Albumin and Globulin Content in 

AND Normal 
THE Serum 

Serum and 

No 

Concentration 

of Scrum Globulin 

Albumin 

Ratio Betiieen 
Globulin and 
Albumin 

Wassermann 

Reaction, 

Percentage 

1 

1 1 

1,600 

3,200 

1 2 

+100 


1 2 

800 

1,600 

1 2 

+10O 

2 

1 1 

1,600 

1,600 

1 1 

+10O 


1 2 

800 

800 

1 1 

+10O 

3 

1 1 

1600 

1,600 

1 1 

+100 


1 2 

800 

800 

1 1 

+100 

17 

1 4 

400 

800 

1 2 

+ 90 


1 8 

2C0 

400 

1 2 

+ 80 

IS 

1 4 

400 

400 

1 1 

+100 


1 8 

200 

200 

1 1 

+ 90 

19 

1 4 

400 

400 

1 1 

+100 


1 8 

200 

200 

1 1 

+100 

4 

1 1 

1,600 

1,600 

1 1 

+ 50 

9 

1 1 

800 

3,200 

1 4 

+100 

10 

1 1 

1,600 

3,200 

1 2 

+ 70 

11 

1 1 

1600 

3,200 

1 2 

+ 30 

12 

1 1 

80C 

1,600 

1 2 

+ 30 


1 1 

3 200 

1,600 

2 1 



0 

1 1 

1,600 

1,600 

1 1 



7 

1 1 

1,600 

1,600 

1 1 



s 

1 1 

1 600 

1 600 

1 1 



13 

1 1 

1,600 

1,600 

1 1 



14 

1 1 

800 

3,200 

1 4 



15 

1 1 

1 TOO 

3,200 

1 2 



16 

1 1 

1 600 

1 600 

1 1 

— 


positive Wassermann reaction The filtrates by 5 per cent ultrafilter 
gave a negative Wassermann reaction in five cases 

4 Globulin Content in the Original Serum and Filtered Serum 
The globulin content of the normal and original serum was com- 
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pared with that of filtered serum The same was done on syphilitic 
serum The filtrabihty of globulin in normal and syphilitic serum was 
compared The same ultrafilter was used to compare the filtrabihty of 
globulin in normal serum with that of syphilitic serum The serum 
was divided into two parts and these two samples from the same serum 


TABLE 9 — Filtrability of Syphilitic Antiboby by Ultra- 
filtration (3 Per Cent ) 




Wassermann Reaction 


No 

r 

On Original 
Serum 

Drop 

On Filtered 
Serum 

Drops 

1 

+ 

1 

— 

1 

2 

+ 

1 

— 

1 

3 

+ 

1 

— 

1 

4 

+ 

1 

— 

1 

5 

4 - 

1 

— 

1 

G 

+ 

1 

+ 

16 

7 

+ 

1 

— 

17 

8 

+ 

1 

— 

8 

9 

+ 

1 

+ 

1 

10 

.1. 

1 


i 

11 

+ 

1 

+ 

1 

j. 

V> 

+ 

1 

+ 

10 

13 

+ 

1 

— 

10 

14 

4 - 

1 

— 

10 

15 

+ 

1 

— 

10 


TABLE 10 — Filtrability of Syphilitic Antibody b\ 
Ultrafiltration (5 Per Cent) 



Wassermann Reaction 

1 



On Original 

On Filtered 


No 

Serum 

Drop Serum 

Drops 

1 

4 - 

1 — 

10 

2 

+ 

1 — 

10 

3 

+ 

1 — 

10 

4 

+ 

1 — 

10 

5 


1 — 

10 


TABLE 

11 — Globulin Content 

IN Original and 

Filtered 

Serum 

No 

Globulin Ratio of 

, i Globulin in Wassermann Reaction 

In Original In Filtered Original and , * > 

Serum Serum Filtered Serum Test Control 

1 

1,600 

4 

400 1 

+707n 

— 


1,600 

4 

400 1 

+10% 

— 

2 

I GOO 

32 

50 1 

+30% 

— 


1,600 

16 

lOO 1 

+30% 

— 

3 

1,600 

80 

20 1 

+20% 

— 


1 600 

80 

20 1 

+20% 

— 

4 

1 COO 

80 

20 1 

+20% 

— 


1,600 

80 

20 1 

+20% 

— 

5 

800 

10 

SO 1 

+40% 

— 


800 

10 

SO 1 

+40% 

— 

C 

800 

8 

lOO 1 

+50% 

— 


800 

8 

100 1 

+50% 

— 

7 

800 

16 

50 1 

+20% 

— 


800 

8 

100 1 

+20% 



were filtered by the same filter one after the other The filtrabihty of 
the globulin did not change by the second filtration through the same 
filter m five out of seven cases The filtrabihty was decreased 1 2 by 
the second filtration by the same filter m two out of seven cases The 
change of the filtrabihty 1 2 by the ultrafiltration is therefore within 
the scope of the technical failure of this method (Table 11) 
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TABLE 12 — Filtr\biut-!l of Globulin in Normal and Syphilitic Serum 


■ - — 


Globulin 


Wassermann Reaction 
on Original Serum 

A. 


f 

Ontinal 

Filtered 

Ratio 

Test 

Control 

1 

1 600 

40 

40 1 

— 



1 600 

8 

200 1 

+ 

— 

o 

1,600 

40 

40 1 

— 

— 


1,600 

40 

40 1 

— 

— 

3 

1,600 

40 

40 1 

— 

— 


1,600 

20 

80 1 

+ 

— 

4 

1,600 

40 

40 1 

— 

— 


1600 

10 

160 1 

+ 

— 

5 

1 600 

32 

50 1 

— 

— 

1,600 

2 

800 1 

+ 

— 

c 

1,600 

80 

20 1 

— 

— 


1,600 

20 

80 1 

+ 

— 


1,600 

160 

10 1 

— 

— 


1 600 

20 

80 1 

+ 

— 

s 

1600 

40 

40 1 

— 

— 


1,600 

8 

200 1 

+ 

— 

9 

3 200 

160 

20 1 

— 

— 


3,200 

80 

40 1 

+ 

— 

10 

800 

40 

20 1 

— 

— 

3,200 

40 

SO 1 


— 

11 

1 600 

160 

10 1 

— 

— 

6,400 

160 

40 1 


— 

12 

1 600 

80 

20 1 

— 

— 


1,600 

20 

80 1 


— 

13 

1,600 

80 

20 1 

— 

— 


1,600 

20 

80 1 

+ 

— 

14 

800 

80 

10 1 

— 

— 

800 

10 

80 1 

4' 

— 

15 

3 200 

160 

20 1 

— 

— 


3,200 

40 

80 1 


— 

16 

800 

20 

40 1 

— 

— 


3,200 

4 

800 1 

+ 

— 

17 

1,600 

32 

50 1 

— 

— 


800 

2 

400 1 

-i- 

— 


TABLE 13 — Filtrability of Globulin in Original and Filtered Serum ^nd 
Change of Filtrability in Syphilitic Serum 


Ratio of Globulin m 

Change of Filtrabihty 


Original and Filtered Serum 

of Globulin in 


, ^ 



Syphilitic Serum from 

'So 

^ormal 

S> philitic 

That in the Normal Serum 

1 

40 1 

200 1 

—1 5 

—4 20 

0 

40 1 

40 1 

1 1 


3 

40 1 

80 1 

—1 2 


4 

40 1 

160 1 

—1 4 

—5 20 

5 

50 1 

800 1 

~1 8 

—2 5 20 

6 

20 1 

SO 1 

—1 4 

—5 20 

7 

10 1 

80 1 

—1 8 

—2 5 20 

8 

40 1 

200 1 

—1 5 

—4 20 

9 

20 1 

40 1 

—1 2 


10 

20 1 

80 1 

—1 4 

—5 20 

11 

10 1 

40 1 

—1 4 

—5 20 

12 

20 1 

80 1 

—1 4 

—5 20 

13 

20 1 

80 1 

—1 4 

—5 20 

14 

10 1 

80 1 

—1 8 

—2 5 20 

15 

20 1 

80 1 

—1 4 

—6 20 

16 

40 1 

800 1 

—1 20 

—1 20 

17 

50 1 

400 1 

—1 8 

—2 5 20 

TABLE 14 — Filtration 

OF S\ PHILITIC 

Serum by 

5 Per Cent XJltrafilter 


No 

’ 

Original 

Serum 

Filtered 

'lerum 

Filtered 

Rest 

Change of 
Concentration 
of Globulin 

Change of 
Wassermann 
Reaction 

1 

flVassermnnn reaction 

■{Globulin 

(Drops 

-1-50% 

1 400 

1 

1 2 

1 

-f55% 

1 800 

1 

+2 1 

+10% 

o 

(Wassermann reaction 

{Globuhn 

(Drops 

-F20% 

1 400 

1 

1 SO 

1 

+20% 

1 1,600 

1 

+4 1 

0 

3 

(Wassermann reaction 
•^Globulin 

-t607o 

1 800 

1 4 

-r70% 

1 1 600 

+2 1 

+16% 


Drops 111 
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The filtrability of globulin in normal serum was compared with that 
of syphilitic serum and the results are noted m Tables 12 and 13 

The filtrability of globulin in syphilitic serum was not different 
from that m normal seium m three out of seventeen cases In the 
other fourteen cases the filtrability of the globulin m the syphilitic 
serum was decreased 5 20 in the minimum and 1 20 m the maximum 
The decrease m the average was 3 9 20 A change of 1 2 as has been 
noted IS within the scope of the error of technic so that the decrease 
of the filtrabiht}'^ of the globulin m syphilitic seium from that m the 
normal serum may be estimated as about 12 5 

5 Concentration of Syphilitic Serum by Ultrafiltration The 
decrease of filtrability of globulin in the syphilitic serum was noted and 
it was found that the Wassermann reaction active substance in the 
serum was held on the filter 

This result ma}^ be caused by the absorption of globulin and the 
Wassermann reaction active substance by the filter 

The filtrability of globulin m normal serum was then compared with 
that m syphilitic seium The results are as given m Table 12 

6 The relation between the change of the concentration of globulin 
m the original and filtered serum and the change in degree of the 
Wassermann reaction was investigated The Wassermann reaction 20, 
50 and 60 per cent , respectively, positive serums were filtered through 
5 per cent ultrafilter 

The concentration of globulin in the rest of the serum, which was 
held on the filter, was on the average increased 2 6 1 times from that 
in the original serum The change of the concentration of globulin in 
the serum 2 6 1 was followed by the increase of the positivity of 
Wassermann reaction 0, 10 and 16 pei cent , or 8 6 per cent in the 
average In the one serum showing no increase m the positivity of 
the Wassermann reaction aftei filtiation the test was only 20 per cent 
positive and may be regarded as a negative reaction If we omit this 
serum, the change in the concentration of globulin in the serum 2 1 
was followed by the increase of the positivity of the Wassermann 
reaction of 10 and 16 per cent , or 13 per cent in the average 

The relation between the change of concentration of globulin m 
tlie serum by the ultrafiltration and the change m the Wassermann 
reaction on the same serum was investigated in the above experiment 

The influence of the change of the concentration of globulin on 
the Wassermann reaction was determined, using globulin m salt 
solution 

A change in the concentration of the globulin of 2 1 was followed 
by an increase m the positivity of the Wassermann reaction from 10 
to 50 per cent In two cases a change of concentration of 4 1 was 
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TABLE 15 — Dilutions of Globulin 


Change of 

Wassermann TV assermann 

JSeaction Reaction bj 

* , Change of 


E\per 

Drops 

Dilution 

Test 

Control 

Concentration 

f Original serum 

2 

1 32 

+20% 

— 


1 Globulin 1 1 

2 

1 32 

+100% 

— 

25% 

1 \ Globulin 1 5 

2 

1 160 

+80% 

— 

33% 

j Globulin 1 10 

2 

1 320 

+60% 

— 

50% 

[ Globulin 1 20 

2 

1 610 

+40% 

— 


f Original serum 

1 

1 70 

+100% 

— 


2 j Globulin 1 1 

1 

1 70 

+100% 

— 

100% 

1 Globulin 1 4 

1 

1 280 

+50% 

*— 

25% 

1 Globulin I 8 

1 

1 360 

+40% 



f Original serum 

1 

1 70 

+100% 

— 


1 Globulin 1 1 

1 

1 70 

+100% 

— 

125% 

3 i Globulin 1 4 

1 

1 280 

+40% 

— 

0 

1 Globulin 1 8 

1 

1 360 

(-40% 

— 

33% 

[ Globulin 1 16 

1 

1 720 

+30% 

— 



TABLE 16 — Wassermann Reaction of Dried Serum 




Original Serum 


Suspensioc 


Serum 

^0 

f 

Dilution 

Drops of Wassermann 
Serum Reaction 

Dilution 

Drops 

Wassermann 

Reaction 

1 

1 1 

1 

— 

2 1 

2 

— 

2 

1 1 

1 

— 

2 1 

2 


3 

1 1 

1 

— 

2 1 

2 

— 

4 

1 1 

1 

— 

2 1 

2 


5 

1 1 

1 



2 1 

2 

— 

(i 

1 1 

1 

— 

2 1 

2 

— 

7 

1 1 

1 


2 1 

2 


8 

1 1 

1 

— 

2 1 

2 

— 

9 

1 1 

1 

— 

2 1 

2 

— 

10 

1 1 

1 

+40% 

2 1 

2 

+20% 

11 

1 1 

1 

+70% 

2 1 

2 

+20% 

12 

1 1 

1 

+70% 

2 1 

2 

+30% 

13 

1 1 

1 

+100% 

2 1 

2 

+30% 

14 

1 1 

1 

+100% 

2 1 

2 

+30% 

1') 

1 1 

1 

+100% 

2 1 

2 

— 


TABLE 

17 — ^Wassermann Reaction 
Concentrated by 

ON THE Normal 
Ultrafiltration 

Serum 

Which Was 




Concentration 

Wassermann 

^o 


Serum 

of Serum 

Drop 

Reaction 

1 

Original 



1 

__ 


Concentration 


3 1 

1 


2 

Original 



1 



Concentration 


5 1 

1 

_ 

3 

Original 



1 

— 


Concentration 


10 1 

1 

— 

4 

Original 



1 




Concentration 


6 1 

1 



5 

Original 



1 



Concentration 


3 1 

1 



0 

Original 



1 



Concentration 


6 1 

1 



7 

Original 



1 




Concentration 


15 1 

1 



8 

Original 



1 




Concentration 


14 1 

1 



n 

Original 



1 




Conccntntion 


12 1 

1 

— 


0 



NIXON-NAITO— BLOOD AND CEREBROSPINAL FLUID 19S 

follc'^red by an increase m the Wassermann reaction of 125 and 100 
per cbnt , respectively In Table 15 the globulin in each experiment 
IS from the original serum and the ratios show the dilutions 

7 Wassermann Reaction on the Suspension of Dried Serum One 
cubic centimeter of serum was put into a watch glass and dried on 
the water bath over boiling ^vater After drying, the serum was ground 
to powder in a small mortar The powder was suspended mice 
of distilled water and the mortar was washed with 1 cc of salt solu- 
tion The salt solution whicli was used for washing was added to the 
suspension of the serum The protein content of 2 c c of the suspen- 
sion would, therefore, be equal to that of 1 c c of the original serum, 
and, therefore, 1 drop of the original serum was compared with 2 drops 
of the suspension for the Wassermann reaction test The Wassermann 
reaction of the suspension of dried serum from normal blood was 
negative The Wassermann reaction on dried syphilitic serum was 
weaker than that of the original syphilitic serum 

According to this experiment the Wassermann reaction active sub- 
stance in tlie serum was partially destroyed by heating or drying 
(Table 16) 

8 Wassermann Reaction on Normal Serum Concentrated by Ultra- 
filtration A normal serum was filtered by 5 per cent ultrafilter The 
serum remaining on the filter was concentrated from three to fourteen 
times in volume by the ultrafiltration 

The Wassermann reaction was negative on the concentrated normal 
serum in nine cases (Table 17) 

IV REVIEW OF EXPERIMENTS 

In our experiments the Wassermann reaction on the globulin from 
syphilitic and normal serum was positive and the Wassermann reaction 
on the albumin was negative From this we may conclude that the 
Wassermann reaction active substance in the syphilitic serum is a 
globulin or is associated with the globulin As has been shown by 
Schmidt ^ the globulin from normal serum also gave a positive Wasser- 
mann reaction Schmidt explained the fact that globulin from normal 
serum gave a positive reaction while normal serum gave a negative 
reaction as being due to the protective action of the albumin The 
explanation that suggests itself is that the globulin separated from 
normal serum may give a positive Wassermann reaction because of 
the fact that the physical or chemical condition of the globulin which 
has been separated from the serum by dialysis may not be the same 
as it IS in the original serum and since the condition of the dialysed 
globulin from normal serum would be similar to the globulin dialyzed 
from syphilitic serum we would expect a similar reaction in each case, 
and this has proved so m our experience, both giving positive Wasser- 
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mann reactions The condition of the globulin in syphilitic serum may 
be considered as similar to the condition of the globulin obtained by 
dialysis from normal serum We may further suppose that the condi- 
tion of the globulin which was separated from syphilitic serum and 
dialyzed will not be the same as the globulin in the syphilitic serum, 
as the change has gone further in the same direction 

The Wassermann reaction of the syphilitic serum was more strongly 
positive after dialysis than before Therefore it seems probable tliat 
the change of the condition of globulin in syphilitic serum is increased 
in the same direction by dialysis The ratio of globulin and albumin 
m normal and syphilitic serum was compared and it was found that 
neither the amount of globulin nor the ratio between globulin and 
albumin plays the essential role in the Wassermann reaction 

Syphilitic serum was filtered by 3 and 5 per cent ultrafilter The 
Wassermann reaction active substance at times passed through 3 per 
cent ultrafilter and at other times did not The inconstant results 
could be caused by the difference of the positivity of the Wassermann 
reaction on the original syphilitic serum and by the unequal thickness 
of the ultrafilter 

The Wassermann reaction active substance could not pass through 
5 per cent ultrafilter 

The Wassermann reaction was positive on the globulin and it was 
negative on albumin Therefore, it would seem that the Wassermann 
reaction active substance is contained in the globulin fraction 

The filtrability of globulin in normal and syphilitic serum was com- 
pared by ultrafiltration The filtrability of globulin in syphilitic serum 
was decreased about 12 5 from that in normal serum Three explana- 
tions of this difference in the filtrability of globulin from normal and 
syphilitic serum may be given 

1 Adsorption of globulin in syphilitic serum on the filter in greater 
amount than m the case of normal serum In reference to this we 
investigated whether adsorption of Wassermann reaction active sub- 
stance does or does not take place The globulin in syphilitic serum 
was held back by the ultrafilter in greater degree than in normal serum 
A 2 1 change of concentration of globulin in syphilitic serum by 
ultrafiltration was followed by the increase of positivity of the Wasser- 
mann reaction by 13 per cent m the average The influence of the 
change of the concentration of globulin on the Wassermann reaction 
was also determined by using globulin in salt solution The change 
in the concentration of globulin by 2 1 ^^ras followed by a much greater 
increase of positivity of the Wassermann reaction than resulted from 
a similar change in concentration by ultrafiltration The positivity of 
the Wassermann reaction did not increase as expected in the proportion 
of the concentration of globulin in the syphilitic serum by ultra- 
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filtration If, as has been suggested, there is a Wassermann reaction 
active and negative globulin present in the syphilitic serum then, if the 
excess of the Wassermann reaction active globulin was adsorbed on 
the filter by the concentration of serum by ultrafiltration, the positivity 
of the Wassermann reaction does not change while the concentration 
of globulin may take place In our case the* positivity of the Wasser- 
mann reaction was increased 13 per cent instead of the expected 
increase of 25 or 30 per cent From this we may conclude that one 
pait of the Wassermann reaction active globulin was adsorbed on the 
ultiafilter and by this fact the decrease of the filtrability of globulin 
in syphilitic serum may be partially explained 

2 The size of the globulin molecule in syphilitic serum may be 
largei than that m the noimal serum and, if so, this would result in 
a decrease of filtrability of globulin in syphilitic serum The larger 
size of the globulin particle m syphilitic serum might be expected from 
the fact that the globulin in the noimal serum was Wassermann reac- 
tion positive after dialysis and the size of the globulin was increased 
by dialysis We may consider the stronger Wassermann reaction and 
the larger size of the globulin paiticle as parallel phenomena 

The size of the particle of globulin in the suspension of the dried 
serum should be larger than that of the original serum Nevertheless, 
the Wassermann reaction was weaker on suspension than that on the 
original serum, but this experiment is inconclusive as bearing on that 
point because of the fact that a change of chemical nature in the 
protein may take place duiing the process of heating 

Flence, the size of the paiticle of globulin molecule, itself, alone, 
cannot be taken as the essential part for the positivity of Wasserman 
reaction A certain chemical nature of the particle is doubtless necessary 
for the reaction 

3 By ultrafiltration the salts in the syphilitic serum can be taken 
out fiom the original serum, and, therefore, the concentration of salts in 
the original serum can be decreased by filtiation On the contrary, the 
concentration of protein in the original serum was increased 

The condition of the globulin m the serum can be changed by a 
change of concentration of salts in the same way as by dialysis 

The decrease of filtrability of globulin in the syphilitic serum may 
be caused by the change of condition of the globulin by the decrease 
of salts through ultrafiltration and this changed condition will be 
similar to that of dialyzed serum, namely, the size of the particle of 
globulin was made larger by the decrease of the salt concentration 

And, moreover, in that case it was supposed that the condition of 
globulin m the syphilitic serum can be changed easier than that in the 
normal serum 
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V SUMMARY 

1 The globulin fraction in syphilitic serum contains the active 
substance in the Wassermann reaction 

2 The filtrabihty of globulin in syphilitic serum by the ultrafilter 
was less than that m the .normal serum 

3 Three factors have been considered in this relationship ( 1 ) The 
possible ease of adsorption of the Wassermann reaction active globulin 
of the ultrafilter as compared with normal globulin, (2) the possible 
greater size of the particle of active globulin as compared with normal 
globulin, and (3) the possible instability of the active globulin as 
compared with normal globulin 

Part II 

The Substances Concerned in the Colloidal Gold Test 
AND THE Nature of the Reaction 

From the work of Thomas Graham on colloidal chemistry, about 
fifty years ago, there has been opened a vast and important field of 
investigation of the bodily processes m health and disease The 
principles of colloidal chemistry were applied by Zsigmondy to a 
study of the reaction of colloidal gold to certain colloids, especially 
proteins He found that various proteins protected the colloidal gold 
against the coagulating effect of sodium chlorid, an electrolyte, there 
was also noted a variation in the protective power of different proteins , 
on this basis of relative protective action proteins were given num- 
bers or values 

An extension and application of Zsigmondy’s work to clinical use 
was made by Lange who discovered that normal and pathologic 
cerebrospinal fluids reacted differently on the colloidal gold Because 
of Zsigmondy’s investigations on the protective action of proteins, it 
is commonly stated in the literature that Lange’s test depends on the 
protective power of the protein of the cerebrospinal fluid against the 
salt solution The error of this conclusion is obvious, when one con- 
siders the fact that the amount of electrolyte used in the test is insuf- 
ficient to produce precipitation of the colloidal gold and, therefore, the 
cerebrospinal fluid must play an active role in the production of the 
colloidal gold curve In other words, pathologic cerebrospinal fluids 
must contain substances that have a coagulating effect on the colloidal 
gold 

12 Zsigmondj' Die hochrothe Goldlosung als Reagens auf Colloide, 
Fresemus Ztschr f analytische Chem 40 697, 1901 

13 Lange Die Ausflockung kolloidalen Goldes durch Cerebrospinalflussig- 
keit bei luetischen Affektionen des Zentralnervensystem, Ztschr f Chemotherap 
1 44 1912 
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There has been considerable speculation and some experimentation 
on the nature of this reaction and the identity of the active substances 
Lange considered it as an indication of the mixture of the proteins 
Zaloziecki believed the reaction to be an immunity phenomenon 
Jaeger and Goldstein regarded it as an indication of electrical 
changes in the fluid and, therefore, a physical phenomenon Eskuchen 
thought the cause of the precipitation to be due to the pathologic 
increase of the albumin, variations of precipitation are apparently 
caused by various forms of physiochemical relations of the albumin 
Weston and Miller and his associates have found that the active 
substance in the cerebrospinal fluid was dialyzable, and the former 
concluded that globulin was the precipitating substance Felton said 
the zonal reactions are caused by tlie mterelationship of the globulin 
and albumin, the albumin protects and the globulin precipitates the 
gold 

Cruickshank isolated the globulin of paretic fluids and found the 
globulin to give a reduction in Zone I — a. “paretic” curve In the study 
of dialysis of paretic fluids he found that the dialysates gave no change 
with colloidal gold He noted the protective action of cerebrospinal 
fluids by using sufficient strength of salt solution to entirely precipitate 
the colloidal gold He confirmed the work of Felton^® regarding the 
precipitating action of the globulin of pathologic fluid and the protective 
action of albumin, and states that the various types of reaction can be 
simulated by mixtures of globulin and albumin Since the “globulin 
obtained from negative spinal fluids, even when used in concentrated 
form, are almost inactive, the precipitating action of paretic fluids 
cannot be ascribed solely to the increase in globulin, but is probably 
dependent on a specific alteration of the physical state of the globulin, 
which is associated with a positive electric charge ” 

It IS the opinion of McDonagh that the colloidal gold test occurs 
only when there are hpoid globulin particles present, which are suitably 

14 Zaloziecki Ueber den Eiweissgehalt der Zerebrospinalflussigkeit, 
Ztscbr f Nervenh 47 783, 1913 

15 Jaeger and Goldstein Goldsolreaktion in Liquor cerebrospinalis, 

Ztschr f d ges Neurol u Psychiat 16 219, 1913 

16 Eskuchen Die funfte Reaktion, Ztschr f d ges Neurol u Psychiat 
25 486, 1914 

17 Weston The Nature of the Substance Causing the Colloidal Gold 
Reaction, Tr Am Psychol Assn 26 467, 1919 

18 Miller, Brush, Hammers and Felton A Further Study of the Diagnostic 
Value of the Colloidal Gold Reaction, Together with a Method for the Prepara- 
tion of the Reagent, Bull Johns Hopkins Hosp 26 391, 1915 

19 Felton Cerebrospinal Fluid and the Colloidal Gold Test, New York 
M J 105 1170, 1917 

20 Cruickshank The Value and Mechanism of the Colloidal Gold Test, 
Brit J Exper Path 1 71, 1920 

21 McDonagh Experiments with Cerebrospinal Fluid, Lancet 2 991 
(Nov 13) 1920 
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charged with hydrogen ions and that, although the reaction is electro- 
lytic, It IS influenced by the substratum (protein) to which the elec- 
trolytes are attached He finds that nonelectrolytic lipoid fails to 
precipitate the colloidal gold “Therefore, may we say that the pre- 
cipitation of colloidal gold is dependent on the protein particles, but 
that the action is started by the electrolytes attached tliereto ” 

From this summary of the literature it is evident that there is con- 
siderable diversity of opinion as to the nature and causes of the 
leaction In an endeavor to throw further light on the mechanism 
of the colloidal gold reaction, we have studied the effect of syphilitic 
and nonsyphilitic globulins, albumin and dialyzed serums on the pre- 
cipitation and protection of colloidal gold We have also employed in 
this study tlie ultrafiltration of sera and cerebrospinal fluids and the 
estimation of globulin and albumin ratios 

The results obtained from various types of experiments will be 
given first with brief discussion Detailed discussion and conclusions 
will follow the presentation of the experimental data 

TECHNIC 

The method of preparing the colloidal gold and making the test 
was that described by Warwick and Nixon For the ultrafiltration 
studies, suggested by the work of McClendon an apparatus similar 
to one described by Bechhold was used The essential parts of this 
apparatus consist of an air pump and tank with gage for the com- 
pressed air and of the filtration chamber The chamber is divided by 
a fine meshed gold coated screen, on which rests the coated filter paper 
(This apparatus was used m the work of Egerer and the details of the 
apparatus and its use are described by Egerer in a paper to appear 
shortly ) In the dialysis experiments colloidin sacs were used 

Relation of the Colloidal Gold Cwve to Globnhn — It is commonly 
observed in the clinical use of the colloidal gold test that there is no 
constant parallelism between the type curve and the amount of globulin 
as determined by the saturated ammonium sulphate solution ring test 
(Ross-Jones) It has also been noted by Solomon that a curve may be 
present with a negative Ross-Jones reaction In a study of more than 
800 spinal fluid examinations we have noted thirty-eight fluids giving 
definite curves, but giving a negative Ross-Jones test, the cur\es 
occurred m Zones I and II There were four instances of a positive 
globulin test, with no changes in the colloidal gold 

22 Warwick and Nixon A Study of the Colloidal Gold Reaction and Its 
Clinical Interpretation, Arch Int Med 25 119 (Jan ) 1920 

23 McClendon The Formation and Composition of the Cerebrospinal Fluid 
JAMA 70 977 (April 6) 1918 
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Table 18 shows the curves obtained from globulin prepared from 
human blood serum by dialysis and separation from the albumin by 
precipitation with ammonium sulphate solution Distilled water and 
physiologic solution of sodium chlorid were used as vehicles for the 
globulin, the amount of globulin m each case being the same m the 
salt and water, but not the same in different globulins 


TABLE 18 — Globulin Curves 


No 


State 

Colloidal Gold Curve 

rv 

Normal 

In water Ph 6 4 

In salt Ph 6 4 

55532-+-0 000 
5542100000 

VII 

Normal 

In water 

In salt - 

5555210000 

2554310000 

VIII 

Svphilitic 

In water 

In salt 

5555553100 

1555553000 

IX 

Normal 

In water 

In salt 

4555420000 

5555310000 

X 

Syphilitic 

In water 

In salt 

455552^-0 00 

555531 ±000 

XI 

Normal 

In water 

5555431000 

XII 

Syphilitic 

In water 

2455554310 

1 

In salt — from original 
(40 per cent ) 

14 times diluted. Was 
sermann lOO per cent 
on original serum 

014324321 

2 

From normal serum 
diluted 4 times 

In salt 

0135552100 


The colloidal gold test was done on some globulin suspensions and 
solutions which were shaken little or not at all before using for the 
test (Table 19) 

From these tables it is evident that globulin prepared from normal 
and syphilitic serums give distinct curves The reduction usually 


TABLE 19 — Globulin Colloidal Gold Curve 


No 


State 

Colloidal Gold Curve 

III 

Normal 

In water 

0134210000 



In salt 

4432100000 

V 

Normal 

In water ph 6 4 

21-4-0 000000 



In salt pu 6 4 

5410000000 

VI 

Normal 

In water pn 6 4 

2455420000 

VII 

Normal 

In water 

2432100000 (See? in 



In salt 

2443310000 Table 18) 

I 

Normal 

In water 

123555431-4- 



In salt 

0125555310 

II 

Normal 

In water 

1234455310 



In salt 

0123343310 


occurs m Zone I though the greatest reaction may not take place in 
the first or second tubes 

Curves m Zone II are observed in the globulin preparations which 
were insufficiently shaken 

The globulins from syphilitic serums give somewhat more marked 
curves than those from normal sera 
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Relation of the Colloidal Gold Curve to Albumin — The reactions 
m the colloidal gold test with albumin are noted in Table 20 The 
albumin was obtained from syphilitic and nonsyphilitic human serums 
It IS possible that our albumin solutions contain a trace of globulin 
but they were prepared with great care and all those noted in the 
following experiments gave a negative Ross- Jones test for globulin 

From Table 20 one may conclude that albumin from normal and 
syphilitic serums may cause a reduction in the colloidal gold , the curve 
occurs in the moderate dilutions 

Colloidal Gold Reaction mith Dialysed Seiimis — Table 21 shows 
the curves obtained with dialyzed and nonsyphilitic human serums 
These serums give curves in the moderate and higher dilutions The 
curves tend to be irregular 

Colloidal Gold Reaction with Ultrafiltrate of Syphilitic and Non- 
syphilitic Sera — The colloidal gold test was done on the original and 
ultrafiltrated serum With few exceptions the curves were fairly 
similar and with the original serums occurred in the dilutions between 
1 160 to 1 40,960 The ultrafiltrate gave reduction, commonly, in 


TABLE 20 — Albumin Curves 


No 


State 

Colloidal Gold Test 

III 

Normal 

In salt 

0 0-1-2 2 1-1-0 

XI 

Normal 

In salt 

245564556430 

VIII 

Syphilitic 

In salt 

O-M-i-O 0 0 0 0 0 

X 

Sjphilitic 

In salt 

000-1-2 310000 

2 

Normal 

Diluted 4 times 

0 0 0-1-1 23345310000 

1 

Syphilitic 

Diluted 14 times, Was 
sermann negative 

0001000000 


dilutions of from 1 80 to 1 10,240 There is a distinct moving of 
the curve to the lower dilutions by ultrafiltration, tins phenomenon 
IS somewhat more marked in syphilitic than nonsyphilitic serums 
(Table 22) 

There is no constant difference in the curves of syphilitic and non- 
syphihtic serums, but the syphilitic serums average a greater reduction 
than the nonsyphilitic serums 

Serums 75, 76 and 77 offer an interesting comparison Serum 77, 
which IS a nonsyphilitic serum, gives a strong curve, especially from 
the eighth to the fourteenth tubes, after ultrafiltration the curve is 
still very marked and reduction occurs in the first six tubes Serum 75, 
from a syphilitic patient witli a recently negative Wassermann test, 
gives a curve similar to, but stronger, than Serum 77, on ultrafil- 
tration the curve is greatest in the lower dilutions, but extends over less 
dilutions than the ultrafiltrate or Serum 77 Serum 76, which gives a 
100 per cent positive Wassermann reaction, shows a marked diminu- 
tion of the curve by ultrafiltration, but what reduction there is occurs 
in the first tubes 
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TABLE 21 — Dialyzed Serums 




TABLE 23— Globulin \nd Albumin Ratio on the Original and Ultraiiltered Serum 
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There aie some noteworthy facts in the portion of Table 22 having 
to do with the globulin latio For example, Nos 25 and 26 (ultra- 
filtrates) have the same amount of globulin, but the cuives are distinctly 
dififeient Ultrafilti ate 26 has thiity-two times as much globulin as 
No 24, yet the latter gives much the stiongei curve 

Relation of the Globulin and Albumin Ratio to the Colloidal Gold 
Curve — Table 23 gives the ratio of globulin and albumin m the original 
and filteied serums as well as the proportion of each It is notable 
that the curves vaiy distinctly, although the globulin to albumin latio 
remains the same and even when the total albumin and the total 
globulin IS the same m nonsyphilitic serums there is variation in the 
curve 

Serums 5, 9, 10, 26, 27 and 29 have the same ratio m each indi- 
vidual case between the globulin and the albumin in the oiiginal and 
ultiafiltiate In the original seiums the globulin albumin latio is the 
same in Serums 5, 27 and 31 (1 4) , in Serums 9, 10, 28 and 32 (1 2) , 
in Seiums 25 and 26 (1 1) In serums with the same latio there 
IS distinct vaiiation m the cuive, the same is tiue of the ultiafiltrates 


TABLE 24 — ULTRAriLTRAXION 01 CcRLBROSPINAL FlUID 


Orislnnl 

5 

5 

5 

4 

3 

1 

0 

0 

0 

0 

Ultrafiltrate 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

OilRlnal 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ultrafiltrate 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OrlRlnal 

0 

1 

1 

2 

3 

3 

1 

0 

0 

0 

Ultraflltiate 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Original 

0 

0 

0 

0 

1 

3 

I 

5 

I 

3 

Ultraflltiate 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

OrlRlnal 

2 

3 

4 

D 

5 

3 

0 

0 

0 

0 

Ultraflltiate 

4 

4 

3 

2 

1 

0 

0 

0 

0 

0 


On the other hand, serums or ultiafiltiates with maiked diffeiences 
m the ratio may give similar curves, as, ultrafiltrates 26 and 27 

The same total amounts of globulin and albumin, as well as the 
same latio, do not determine similar curves, as is noted on the original 
serums 31 and 32, and ultrafilti ates 9 and 10 

Ultiafiltrate 28 is interesting in that the globulin albumin ratio is 
1 16, yet the colloidal gold reaction is stronger than m Serum 27, also 
a syphilitic serum, with a ratio of 1 4 or m Serum 10 with a ratio 
of 1 2 

From this table it is appaient that the globulin albumin ratio is 
not the determining factor in the colloidal gold curve , also that albumin, 
per se, does not tend to make negative curve 

Ultrafilti ation of Cei ebi ospinal Fluid — A 3 per cent coating of the 
papers was used for the ulti afiltration of cerebrospinal fluid 

The ultrafiltration lessens the intensity of the curve and changes 
the zone of reduction to the tube of low dilution A fluid giving a 
strong meningetic curve in the original gives a weak curve in Zone I 
after ultrafiltration (Table 24) 
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MISCELLANEOUS 

In this group we include various unrelated experiments made with 
the purpose of noting the effect of various factors and conditions on 
the colloidal gold curve and also precipitin and anaphylactic tests with 
the cerebrospinal fluid 

Additional amounts of the salt solution were used with cerebro- 
spinal fluids, giving negative and positive curves With the addition of 
0 5 c c of 0 4 per cent sodium chlorid solution to each tube no curves 
were obtained in normal fluids, but in positive fluids the curves were 
intensified and tended to be more marked in the lower dilutions 


(a) Usual method 0123310000 
(b) Usual method — 0 5 cc salt solution to each tube 

1233431000 
a 0111000000 
b 0111000000 
a 0001310000 
b 0001332100 
a 0000110000 
b 0001231000 

Using 0 2 c c of equal parts of cerebrospinal fluid and water gave 
the following curve as compared with 0 2 c c of the undiluted fluid 

Original 55553 10000 

Diluted 5543100 00 0 

The curve is similar but less extensive in the diluted fluid Several 
experiments were done in which fluids giving similar or dissimilar 
curves were mixed in equal parts and allowed to evaporate, distilled 
water to the amount of one half the original volume of the mixture 
was added and the usual 0 2 c c of this was used in the colloidal gold 
test, this gave the same amount of the substances in the fluids as 
though 0 2 c c of each had been used The curves from the original 
and mixed fluids were 


Original Case C 
Original Case M 
Mixture 


5555310000 

3444210000 

0013443100 


In this instance the curve of the mixture is entirely unlike the 
original and is less marked 


Original Case C 5555310000 

Original Case B 1223210000 

Mixture 1455555100 

In this instance the mixture of a fluid with a weak curve with one 
giving a strong curve results in a different but more extensive curve 
than either of the originals 
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Globulin from a normal serum was diluted to the point where the 
globulin test was one faintly positive 

3334554200 

A dilution of three-fifths gave a reduction to “2” and a dilution of 
one-fifth to “3 ” 

To 5 c c of colloidal gold 0 1 c c of normal globulin m water was 
added, giving a reduction to “2”, when 1 cc of 04 per cent salt was 
added further color change to “3” occurred 

A spinal fluid was boiled and filtered through ordinar}'- filter paper 

Original 555543 1 000 

Filtered 0131 100000 

Original 2345532000 

Filtered OOOOOJDOOOO 

A mixture of albumin and globulin was made in the ratio of 2 1 , 
in the test, therefore, two thirds as much albumin and one third as 
much globulin would be used as m the original tests 

Original albumin 0001000000 

Original globulin 1313143100 

Mixture 0112343100 

The curve is not markedly diminished by using only one third the 
amount of globulin and m spite of two thirds of supposedly protective 
albumin 

In the first tube there was placed 0 2 c c cerebrospinal fluid “a,” 
0 04 c c albumin solution and 1 8 c c salt solution and dilutions made 
as usual 


Original "a" , 4455533200 

Mixture 1223321000 

This experiment was done using 0 02 c c albumin solution 

1443321000 

The albumin m this instance tends to dimmish the curve and to 
change the zone of reduction 

Protective Power of C e-reh) ospmal Fluid and Serum in Relation to 
Colloidal Gold Reaction — There are present m cerebrospinal fluid and 
blood certain substances which act in a protective way against the 
coagulation of colloidal gold by an electrolyte In expenments having 
to do with the protective power of various substances sufficient amount 
of salt solution is used to entirely precipitate the gold For this purpose 
0 15 c c of a 10 per cent sodium chlorid solution was used with 2 5 c c 
of the colloidal gold solution 
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The protective power of cerebrospinal fluids, serums, globulins, 
albumins and ultrafiltrates of cerebrospinal flmds and serums was 
determined It is recognized that the determinations are not absolute 
as the precipitating substance is also present and various amounts of 
the protective substance are required to neutralize the precipitating 
action 

REPORT OF EXPERIMENTS 


In the following experiments the lower figure represents the degree 
of reduction in the colloidal gold as estimated in the usual colloidal 
gold test 




GLOBULIN 







Cc 

Cc 

Cc 

C c 

Cc 

Oc 



In snlt 

0 01 

0 005 

0 0025 

0 0012 

0 0006 




Colloidal gold 

1 

3 

5 

5 

5 




Syphilitic in ■water 

015 

01 

0 05 

0 03 

002 





0 

0 

0 

1 

1 




>ornial in pater 

015 

01 

0 05 

0 03 

002 

0 01 




0 

0 

1 

2 

3 

6 



IV in ■water 

0 05 

0 04 

0 03 







5 

5 

5 






VII in water 

015 

01 








1 

2 







VIII in water 

015 

01 








0 

3 







Formal in pater 

0 05 

0 01 

0005 

0 0025 






1 

4 

5 

5 





Sjphilitic m salt 

0 01 

0 005 

0 0025 

0 0012 






1 

3 

5 

5 





Above globulin boiled and filtered 0 01 

0 005 

00025 

0 0012 





through filter paper 

2 

5 

5 

5 







ALBUMIN 






Formal 

0 02 

0 01 

0 005 

0 0025 

0 0012 

0 0006 




0 

1 

1 

2 

4 

5 



Sjphilitic 

0 01 

0 005 

0 0025 







4 

5 

5 






Syphibtic 

0 01 

0 005 

00025 

0 0012 






0 

2 

5 

5 





Syphilitic 

0 05 

004 

003 

002 

0 01 

0 005 

0 0025 

0 0012 


0 

0 

0 

1 

3 

5 

5 

5 

Above boiled and filtered 0 04 

0 03 

002 

0 01 

0 005 

0 0025 

0 0012 



0 

0 

0 

1 

3 

5 

5 



SERUMS I = 

ORIGINAL II 

= FILTRATE 




Formal 

I 0 04 

0 03 

0 02 

0 01 






0 

0 

1 

2 





Normal 

I 0 012 

0 006 

0 003 

0 0015 






0 

0 

1 

2 





•\bove 

II 0 01 

0 005 

0 0025 

0 0012 

0 0006 

0 0003 




0 

1 

2 

3 

4 

5 



Syphihtic 

II 0 01 

0 005 

0 0025 

0 0012 

0 0006 

0 0003 

0 00015 

0 00007 


0 

1 

2 

3 

4 

4 

6 


Svphilitic 

I So 

0 

0 

1 

1 

3 

4 



\ 

2 

3 

4 

4 

5 

5 


S^phlhtlC 

I o\ 

0 

0 

0 

1 

1 

3 



II 1 


5 

5 





Fonnal 

I 5 

a 







Syphilitic 

I 0 

o| 

0 

1 

1 

3 



Formal 

II 0 


2 

3 

4 

5 



S^phlhtIC 

I 0 


0 

1 

2 

3 

5 
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OEEEBROSPINAL 

ELUID 



(Colloidal gold, negative) 

0 06 

0 05 

0 04 

0 03 

002 

0 01 


0 

0 

0 

1 

3 

5 

(Colloidal gold, 

006 

0 05 

0 04 

0 03 

0 02 

0 01 0 00)5 

011233210 0) 

0 

0 

0 

0 

0 

1 4 

(Colloidal gold, negative) 

0 06 

0 05 

0 04 

0 03 

0 02 

0 01 


0 

0 

0 

1 

2 

5 

(Colloidal gold. 

0 06 

0 05 

004 

0 03 

002 


555542100 0) 

1 

2 

2 

5 

5 


(Colloidal gold. 

0 06 

0 05 

004 

0 03 

0 02 

0 01 

234433200 0) 

0 

0 

0 

2 

2 

5 

(Colloidal gold. 

0 04 

0 02 

0 01 




555543100 0) 

0 

3 

5 




(Colloidal gold. 

006 

0 04 

0 03 

002 



012443100 0) 

0 

1 

5 

5 



Original cerebrospinal fluid 

006 

0 04 

0 03 

002 

0 01 



0 

0 

2 

2 

0 


'Above with 0 05 e c glycerin to 

0 

0 

0 

1 

3 


Ice cerebrospinal fluid 
Original with equal parts of 90 




0 015 

0 00)5 


J per cent alcohol Altered twice 
and ilcohol evaporated 

0 

1 

2 

4 

5 


Ultrafiltrate 

02 

01 

006 





5 

5 

5 




(Colloidal gold. 

006 

0 05 

0 04 

0 03 

0 02 

0 01 

234553200 0) 

0 

0 

0 

1 

2 

5 

Above ultrafiltrate 

10 

05 

03 

015 



(Colloidal gold, 

0 

2 

5 

5 



443210000 0) 







Above original boiled and Altered 

0 03 

0 01 

0005 




(Colloidal gola, 

0 

4 

5 




000000000 0) 







Dementia paralytica, cerebro 
spinal fluid, ultrafiltrate 

01 

006 





5 

5 






Precip'itm Test of Cerebrospinal Fluid — 1 Precipitin test of spinal 
fluid with an antmormal human serum rabbit serum A rabbit was 
injected with 0 5 cc of a normal human serum intravenously Four 
days later the rabbit was injected again with 09 c c of a normal human 
serum intravenously Four, eight, seventeen, twenty-one and twenty- 
five days later, after the second injection, the rabbit was injected 
mtraperitoneally with 15 cc, 20 cc, 05 cc, 10 cc and 2 c c , 
respectively The rabbit was bled seven days after the last injection 
The titer of the immune serum was 1 2,948, that being the highest 
dilution of the normal human serum, which gave a defimte precipitate 
with the mixture of the antihuman serum rabbit serum after two hours 
m an incuDator at 38 C The precipitin test of the spinal fluid (normal 
spinal fluid, fluid from cases of dementia paral3rtica, cerebrospinal 
syphilis and tabes) with the antmormal human serum rabbit serum was 
done In one case the test was positive m the dilutions of 1 2, 1 32, 
1 8 and 1 8 with the spinal fluid of normal, dementia paralytica, 
cerebrospinal syphilis and tabes, respectively, at the end of the second 
hour At the end of the third hour the test was positive m the dilution 
of 1 8, 1 32, 1 32 and 1 32, with the spinal fluid (normal, dementia 
paralytica, cerebrospinal syphilis and tabes), respectively 
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In another case the precipitin test of the spinal fluid (dementia 
paralytica, cerebrospinal syphilis and tabes) with the antinormal human 
serum rabbit serum was positive in the dilution of 1 32 for all the 
spinal fluids at the end of second and third hours 

2 Precipitin test of spinal fluid with an antispmal fluid (dementia 
paralytica) rabbit serum A rabbit was injected with 2 cc spinal 
fluid from a case of dementia paralytica intravenously The rabbit was 
injected intravenously, with 4, 6 and 8 c c , respectively, three, seven 
and fifteen days after the first injection The rabbit was injected 
mtraperitoneally with 2, 4 and 6 c c , of the spinal fluid from a case of 
dementia paralytica after fourteen, nineteen, 'and twenty-eight days, 
respectively, from the first intravenous injection The rabbit was bled 
eight days from the last intraperitoneal injection The titer of the 
immune serum was 1 512, which was the highest dilution of the spinal 
fluid of dementia paralytica, which gives a definite precipitate with the 
mixture of the immune serum after two hours m the incubator at 38 C 

Precipitin test on spinal fluid (normal, dementia paralytica and 
tabes) with the antispmal fluid (dementia paralytica) rabbit serum 
was done 

In one case the test was positive m the dilution of 1 32, 1 512 
and 1 256 of the spinal fluid (normal, dementia paralytica and tabes) 
with the antispmal fluid (dementia paralytica) rabbit serum, respec- 
tively, at the end of the second hour 

In another case the test was positive in the dilution of 1 256 and 
1 128 on the spinal fluid (dementia paralytica and tabes) with the 
antispmal fluid (dementia paralytica) rabbit serum at the end of the 
second hour 

Anaphylaxis Test until Syphthtic Cerehrospina.1 Fluid — Six guinea- 
pigs were sensitized with intraperitoneal injections of 1 c c of the 
cerebrospinal fluid from cases of dementia paralytica Twelve days 
later one of the sensitized guinea-pigs was tested by the intracranial 
injection of 0 5 cc of spinal fluid from a case of dementia paralytica 
There was no reaction Twenty-eight minutes later a second injection 
of the same amount was given, also with no reaction, and thirty-five 
minutes later a third injection of 0 5 c c was given mtracranially still 
with no reaction The anaphylaxis test was then negative with 1 5 c c 
spinal fluid on the twelfth day after the sensitization of a gumea-pig 
by 1 cc of cerebrospinal fluid from a case of dementia paralytica 
On the sixteenth day one of the guinea-pigs was injected mtracranially 
with 1 c c cerebrospinal fluid from a case of dementia paralytica The 
anaphylaxis test Avas also negative in this instance The third guinea- 
pig was taken from the sensitized group on the twenty second day and 
0 5 c c of cerebrospinal fluid was injected mtracranially In the first 
and second minute after injection there were strong convulsions Five 
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minutes later there was passing of feces Seven minutes later the 
gumea-pig was biting the floor Seven minutes later the guinea-pig 
was very calm Twenty-seven minutes after the injection there 
was again passing of the feces, and forty-seven minutes after the 
gumea-pig appeared sick, but had no convulsion The guinea-pig died 
the following day The anaphylaxis test was, therefore, positive with 
0 5 c c of dementia paralytica spinal fluid on the twenty-second day 
after the sensitization of the gumea-pig with 1 c c cerebrospinal fluid 
On the twenty-fourth day another gumea-pig was injected intracranially 
with 0 8 c c of cerebrospinal fluid from a case of dementia paralytica 
Six minutes after injection there was a strong convulsion Eight 
minutes later there was opisthotonus Ten minutes later the guinea-pig 
appeared relaxed and died eleven minutes after the injection The 
anaphylaxis test was, therefore, strongly positive with 0 8 c c spinal 
fluid from a case of dementia paralytica on the twenty-fourth day after 
sensitization of the guinea-pig with 1 c c of such spinal fluid 

A normal guinea-pig was injected intracranially with 08 cc spinal 
fluid of dementia paralytica Ten minutes later it was injected again 
with 1 c c of the same spinal fluid There was no reaction after the 
injection in either case Therefore, the anaphylaxis test was negative 
with 18 c c spinal fluid of dementia paralytica on the normal 
gumea-pig 

On the twenty-fourth day one of the guinea-pigs which was 
sensitized with spinal fluid of dementia paralytica was injected mtra- 
cranially with 0 8 c c spinal fluid from a case of cerebrospinal syphilis 
Eleven minutes later the guinea-pig was again injected intracranially 
with 0 7 c c spinal fluid from a case of cerebrospinal syphilis The 
guinea-pig was sick after the injection in both cases, but had no con- 
vulsion The anaphylaxis test was weakly positive with 1 5 c c spinal 
fluid from a case of cerebrospinal syphilis on the twenty-fourth day 
after sensitization of the gumea-pig with 1 c c spinal fluid of dementia 
paralytica 

Passive Anaphylaxis Test with a Spinal Fluid of Dementia Paia- 
lytica — A rabbit was injected intravenously with 0 5 cc spinal fluid 
and with 1, 2 and 2 cc spinal fluid intravenously on the fourth, 
seventh and tenth days, respectively, after the first injection The 
rabbit was injected with 6, 6 and 8 cc spinal fluid from a case of 
general paralysis intraperitoneally on the fourteenth, seventeenth and 
twenty-first days, after the first injection The rabbit was bled six days 
after the last injection The titer of the serum was 1 256, which was 
the highest dilution of the spinal fluid of general paralysis that gives 
a definite precipitate with the immune rabbit serum in the mixture of 
the spinal fluid of general paralysis and the immune rabbit serum after 
one hour m an incubator at 38 C 
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Five guinea-pigs were injected with 1 c c each of an antispinal fluid 
(general paralysis) rabbit serum mtraperitoneally Forty-eight hours 
later one of the guinea-pigs was injected with 04 cc spinal fluid of 
dementia paralytica Eight minutes later the guinea-pig was injected 
with 0 6 c c of the same spinal fluid Ten minutes later it was biting 
on the floor, but had no convulsion Thirty-five minutes later it was 
still sick 

One of five guinea-pigs which were injected with immune serum 
forty-eight hours before, was injected intracranially with 1 c c of a 
spinal fluid from a case of dementia paralytica Two minutes later 
there was a convulsion Two minutes later the guinea-pig was biting 
on the floor Seven minutes latei the guinea-pig was injected with 
0 5 c c of the spinal fluid One hour later the gumea-pig was still sick 
but had no convulsion 

One of five guinea-pigs injected with immune serum forty-eight 
hours before was injected with 1 cc spinal fluid from a case of 
dementia paralytica intracranially One minute later it was injected 
again with 0 5 c c of the spinal fluid One minute later there was 
convulsion Three minutes later there was passing of urine Thirty- 
five minutes later the gumea-pig was still sick 

Another one of the guinea-pigs was injected with 0 5 cc spinal 
fluid from a case of dementia paralytica One minute later there was 
a strong convulsion Two minutes later the guinea-pig was biting on 
the floor Twenty- five minutes later the gumea-pig was still sick, but 
had no convulsion 

A fifth guinea-pig was injected intracranially with 1 c c spinal 
fluid from a case of dementia paralytica One minute later there was a 
convulsion Two minutes later the gumea-pig was biting One hour 
later the guinea-pig was still sick, but had no convulsion 

A normal guinea-pig, which was not injected with immune serum, 
was injected intracranially with 1 cc spinal fluid from a case of 
dementia paralytica There was no reaction and the guinea-pig was 
not sick 

The passive anaphylaxis test with spinal fluid of dementia paralytica 
was investigated on the guinea-pig which was injected with an anti- 
spinal fluid (general paralysis) immune rabbit serum forty-eight hours 
previously In one test of five cases we could find no reaction of the 
passive anaphylaxis with the injection of 1 c c spinal fluid from a case 
of dementia paralytica In the other four cases we found a weak 
positive reaction of passive anaphylaxis with the intracranial injection 
of 1, 1 5, 0 5 and 1 cc spinal fluid from cases of dementia paralytica 
on the guinea-pigs, respectively, which were injected with 1 cc anti- 
spinal fluid (general paralysis) immune rabbit serum mtraperitoneally 
after forty-eight hours 
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DISCUSSION 

It IS evident from these experiments that two factors are concerned 
in the colloidal gold reaction In fluids giving a curve there is present 
a precipitating substance, there may also be present a protective sub- 
stance which modifies the action of this substance 

Globulin has commonly been regarded as the active constituent of 
the fluid giving the colloidal gold curve It has also been suggested 
that albumin acts protectively, and that the different types of cuives 
are due to varying latios of the globulin and albumin 

A study of Table 18 shows that globulin usually gives a curve m 
Zone I, but may give a curve in Zone II Table 19, giving the curves 
obtained from fluids not shaken (a) globulin m salt solution and (&) 
globulin in water, is interesting because of the fact that the curves tend 
toward Zone II It is evident that globulin alone is capable of causing 
zonal reactions 

Albumin may give no precipitation of the colloidal gold, but in some 
instances it gives a well marked curve, usually in the second zone 
While some of the curves from the albumin preparations were as 


TABLE 25 — Protective Action or Globulin and Albumin 



C c of Globulin oi 

Albumin 

Added to Gold 

Solution 

Color Change m Colloidal Gold Solution 

' 0 03 0 02 

0 01 

0 005 0 0025 

0 0012 ’ 

Globulin 

0 0 

1 

3 6 

5 

Albumin 

0 1 

S 

6 6 



marked as those from globulin, it is apparent that albumin has less 
precipitating power, as a rule, than globulin 

Salt solutions have a precipitating action on colloidal gold For 
study of the comparative protective power of globulin and albumin 
against these, solutions of equal strength of the two were used It 
is evident from the tables relating to the protective action of albumin 
and globulin that globulin has a decided protective action, even more 
striking than that of albumin 

Table 25 shows the protective action of globulin and albumin from 
the same serum and used in equal amounts in salt solution 

From common knowledge alone of the albumin-globulin ratio in 
pathologic cerebrospinal fluids it does not seem likely that the curves 
are due primarily to the proportion of these substances Kafka finds 
the ratio in dementia paralytica to range from 7 3 to 5 1 , m cerebro- 
spinal syphilis, 12 1, and in meningitis it is most commonly 6 1 
Further, the fact that curves are obtained from fluids giving a negative 
globulin test and, on the other hand, are not always present with fluids 

24 Kafka Ueber den heutigen Stand der Liquor diagnostik, Munchen 
med Wchnschr 62 105, 1915 
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giving' a positive globulin reaction is suggestive that the albumin- 
globulin ratio IS not the determining factor in the colloidal gold 
reaction 

Table 18, giving various globulin ratios with reference to the 
colloidal gold curve, and Table 23, showing the albumin-globulin ratio, 
present a definite lack of parallelism between the total or proportional 
amounts of these substances and the colloidal gold curve 





Curve in jone HI 


The fact that globulin has a defimte protective action against salt 
solutions and that this power may be greater than that of albumin is 
further evidence that the albumin-globulin ratio, per se, is not the 
determining factor in the production of the curve 

From these experiments it is evident that both albumin and globulin 
may exhibit precipitating and protecting action The degrees of pro- 
tection by the same globulin may be varied by changing the state of the 
globulin 

The ultrafiltration experiments showing a much greater decrease 
of the protecting than the precipitating substance in the ultrafiltrate 
would seem to indicate that the protective molecule is the larger As to 
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what causes this alteration in the proteins, or whether it is due to the 
combination with some substance, such as lipoid, we have no evidence 

Colloidal gold curves are dependent, therefore, on the ratio of the 
precipitating and protecting substances Since our experiments show 
that these substances are present in varying amounts and that their 
precipitating and protective power decreases on dilution with varying 
degrees of rapidity, we may conclude that curves m Zones I, II and III 
are due to various combinations of these substances If the pre- 
cipitating substance markedly predominates over the protecting sub- 
stance there results a curve in Zone I If the protective power pre- 
dominates over the precipitating power in the low dilutions, but rapidly 
diminishes with higher dilutions, a curve in Zone II is obtained If 
both precipitating and protecting substances are present in considerable 
amounts, but the protective substance diminishes with dilution more 
rapidly than the precipitative substance, a meningitic type of curve is 
the result The accompanying illustration gives a graphic representa- 
tion of the three types of curves 

CONCLUSIONS 

1 Positive colloidal gold reactions are due to the presence of 
precipitating substances 

2 Both precipitating and protecting substances are present in 
pathologic cerebrospinal fluid 

3 Curves in Zones I, II and III are due to varying amounts and 
proportions of the precipitating and protecting substances 

4 Albumin and globulin may possess both precipitating and pro- 
tecting power 

5 Ultrafiltrates of syphilitic and nonsyphihtic serums give curves 
that are more or less similar, but there tends to be a greater difference 
between the zones of reduction of the original and filtered serum in 
syphilitic than in normal cases 

6 The protecting substance is decreased by ultrafiltiation to a 
greater degree than the precipitating substance 

7 Changes in the state of the protein modified precipitating and 
protecting powers 

8 The salt solution used in the colloidal gold test partially neutral- 
izes the protective action 



AN EFFICIENT AND PRACTICAL METHOD FOR 
THE COUNTING OF RED BLOOD CELLS =>• 

THEO R WAUGH, MD 

MONTREAL 

Dreyer has quite recently described a method for the enumeration 
of blood cells and bacteria without the use of a counting chamber 
His method simulates that first elaborated by Wright for the counting 
of bacteria in that it is dependent for its determination on a comparison 
of the relative number of corpuscles, which are of known titer per 
unit volume, and the elements to be counted It differs pnncipally, 
however, and has a much broader field of usefulness in that, instead 
of using normal erythrocytes and making smears for examination, 
a suspension of the red corpuscles of the hen carefully titered is 
used as a standard and this suspension mixed m known proportion 
with the elements, i e patient’s erythroc 3 h;es, leukocytes, etc , to be 
counted allows for examination and comparative enumeration under 
the microscope He points out the following distinct advantages 

( 1 ) it can be used with equal facility for counting erythrocytes, leuko- 
cytes and bacteria, (2) it does away with the use of a costly counting 
chamber, (3) it is quicker and less fatiguing to the eyes 

The method is to be commended for its universality and accuracy , 
however, it possesses certain disadvantages which greatly interfere 
with Its practical clinical employment m enumerating erythrocytes 
These are (1) although the blood of the hen is obtainable it is not 
a common laboratory animal or readily secured m many hospitals , 

(2) the differentiation of the human and avian erythrocytes, while 
easy, is not instantaneous, (3) the method recommended for diluting 
the blood and then adding an equal volume of the suspension is an 
extra step over the hemocytometer method , (4) the use of a suspension 
standardized to contain about 20,000 corpuscles per cmm makes calcu- 
lation of the patient’s erythrocytes mathematically cumbersome These 
disadvantages, though they in no way interfere with the accuracy 
of the method, do tend to limit it to a special laboratory technic and 
remove it from the sphere of clinical usefulness 

To overcome these disadvantages a procedure has been devised 
which has been found to be practical and efficient Instead of avian 
er}'throcytes, a suspension of crenated, fixed and stained human red 
blood cells is employed This suspension is made up to contain 25,000 
cells per cmm 

*From the Pathological Laboratories of the Ro3al Victoria Hospital and 
of McGill University 

* Aided by grant from the Cooper Fund 
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Techmc — The technic for enumeration requires (1) glass stop- 
pered bottle containing the standard suspension, (2) pipets graded 
to deliver 1 cc and 0005 cc^, (3) test tube, plain glass slide, and 
cover slip 

PiepaiaHon of the Standaid Suspension — Fifty cc sterile 2 per 
cent sodium citrate in 0 85 per cent saline is placed in a sterile 300 c c 
Erlenmeyer flask To this is added approximately 5 cc blood freshly 
drawn from a vein and free from clot The blood should come from 
a person free from disease which alters the red blood cells, as anemia, 
etc , and may readily be obtained at the time of taking specimens 
for routine Wassermann examination As the blood is added the 
mixture should be agitated slowly and the cotton wool plug then 
replaced in the mouth of the flask The flask is kept at room tem- 
perature with gentle shaking up of the settled corpuscles daily or 
oftener to prevent their becoming too firmly precipitated and adherent 
at the bottom At the end of three or four days, depending on the 
rate of evaporation, it will be noted that the color has changed from 
a bright to a slightly darker red, and if a drop is examined under 
the microscope, the cells will be found darker, smaller than when 
" fresh and slightly crenated Some show the alteration to a greater 
degree than others There should be no clumping 

To the suspension, when the cells have attained this appearance, 
IS added 200 c c Hayem’s solution made up according to the following 
formula Sodium chlorid, 1 gm , sodium sulphate, 5 gm , mercuric 
chlorid, 0 5 gm , distilled water, 200 c c This must be filtered and 
perfectly clear It should be borne in mind that all glassware employed 
throughout the process of preparing the suspension must be perfectly 
clean and rinsed in distilled water and all solutions free from insoluble 
dust particles, etc 

It is convenient if the suspension be now transferred to a tall, 
rather narrow glass stoppered bottle which will hold at least 500 c c 
or, better still, a 1,000 c c graduated glass stoppered cyhnder During 
the day the suspension is agitated and on the following day it will be 
found to have become light brown m color The supernatant fluid is 
then siphoned off and replaced by fresh Hayem’s solution The cells 
are allowed to settle, the supernatant fluid is withdrawn and fresh 
solution IS again added The suspension is thus practically freed of 
die sodium citrate and the erythrocytes have become fixed Under 
die microscope they appear small, crenated, brownish and quite highly 
refractile 

1 Capillary pipets to measure 0005 cc may be obtained from the Will Cor- 
poration, Rochester, N Y, or the Topley Company, Ottawa, Ont 
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The cells are now stained by adding 100 c c filtered eosin solution 
such as IS employed for routine tissue staining or made up as follows 
Saturated solution of water soluble eosin, 10 c c , distilled water, 
85 c c , saturated solution of picric acid, 5 c c , filter The mixture 
IS shaken up well from time to time and the stain is allowed to act 
for twenty-four hours at the end of which time the supernatant fluid 
IS siphoned off and replaced by Hayem’s solution The excess of stain 
IS thus removed and the process may be repeated if it is found after 
settling that the solution still contains much eosin 

Titenng the Stispension — Depending on the amount of blood origi- 
nally obtained, the suspension is now diluted with Hayem’s solution 
so as to contain approximately 25,000 cells per cmm Before counting 
it IS best to transfer definite amounts, e g , 250 or 300 c c , to smaller 
glass stoppered bottles These are then brought to exact titer of 25,000 
by making several careful counts with an accurate hemocytometer, 
fluid being added or withdrawn after settling as requiied 

The suspension thus prepared is, so far as we have been able to 
judge, absolutely stable There should be no clumping which is 
inclined to occur if centrifugahzation is employed The cells stand 
out clearly under the dry high power of the microscope as pink or 
red irregularly spherical masses about 5 microns m diameter 

Tcchnic fo) Adding Patient’s Blood — The blood of which the 
erythrocyte count is to be determined is added to the standard suspen- 
sion in the proportion of 1 to 200 This may be brought about in 
several ways with satisfactory results That procedure which is most 
convenient under the circumstances can be employed Where, as usually, 
it is desired not to withdraw a large amount of blood, the following 
procedure has been found very efficient 

After thoroughly shaking the suspension, exactly 1 c c is measured 
into a test tube The tube should be perfectly clean but rinsing in 
distilled water without drying will not alter the result Dwarf test 
tubes measuring 10x1 cm are a convenient size The blood is obtained 
by finger or ear prick in the usual way and is allowed to run by 
capillarity or is sucked by means of rubber tubing and mouthpiece 
into a pipet graded to measure 0005 c c The end is then wiped 
off on a piece of gauze and the contents discharged directly into 
the 1 c c of suspension in the test tube The pipet is washed clear 
by drawing up and blowing out the suspension several times The 
mixture is then shaken thoroughly and may be counted at once or 
the tube may be corked to prevent evaporation and consequent crena- 
tion of the blood disks and set aside to be examined any time when 
convenient within twenty-four hours 

Another method consists in the use of the regular erythrocyte 
pipet provided with hemocytometers One with a relatively large bore 
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so that the contents may be expelled leadily is prefeiable The pipet 
IS filled with patient’s blood to the 0 5 mark and then diluted with 
suspension to 101 It is best to remove a small quantity of the suspen- 
sion from the large bottle for this purpose The pipet is then shaken, 
and after discharging the fiist thiee or foui diops, the balance is expelled 
intO' a clean test tube and either counted or coiked and set aside, as 
stated above It is obMous that theie is a slight fallacy here as the 
mixture is minus a quantity of suspension equal to the amount of 
blood employed, namely %oo pai't Foi practical purposes, howevei, 
this can be disregarded as it alters the comit of coipuscles per cubic 
millimeter by only a similar pioportion and this is of no clinical 
consequence 

When a laige quantity of blood is withdrawn by venous punctuie, 
as m connection with chemical metabolic blood calculations, and the 
fluid preserved free fiom clot by the use of a few ciystals of potas- 
sium oxalate, a largei quantity of blood may be conveniently employed 
It IS only necessary to keep in mind to use a relatively laigei amount 
of suspension, so that the piopoition of 1 200 may be preserved, as 
for example 005 c c blood to 10 c c suspension 

Counting the Ei ythi ocytcs — The er}dhiocytes may be counted any 
time within twenty-fom houis, piovided the suspension has been 
properly freed of a laige amount of uncombined eosin and caie is 
taken b}’- corking to avoid crenation of the cells This possibility is 
of consideiable piactical impoitance, as, for example, in ward woik 
uheie several specimens may be taken at one time and iemo\ed to 
the laboi ator)’-, or m piivate piactice when examining blood of persons 
outside the hospital oi office 

When leady to proceed, the mixtuie should be shaken thoioughly 
This IS quickly accomplished by removing the cork and placing the 
thumb over the orifice of the tube A medium sized diop of the 
mixtuie is now transferred to a clean glass slide and coveied by a 
cover slip Bubbles should be avoided It will then be found that 
the cells settle almost instantaneously into quiet position The cells 
are now examined under the high diy power of the micioscope 
Reduced light facilitates difterentiation, and the pale biconcave circulai 
disks of the patient stand out in distinct contrast to the red cienated 
corpuscles of the standard suspension 

Consideiing the technic employed, it is obvious tliat if the blood 
which IS being examined has a normal erythrocyte count, that is 
between 4,500,000 and 5,000,000 cells pei c mm the corpuscles and 
standard suspension cells in the mixture will be in the pioportion of 
approximately 1 to 1 and will appeal in practically equal numbers m 
the microscopic field Thus, almost at a glance and uithout counting 
one may obtain this information and diaw immediate conclusion as 
legards a normality or deficiency m red blood cells 
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For enumeration it is necessary to count and record the exact 
number of each type of cell in several fields The total number of 
cells m a field may be altered by the size of the drop which has been 
placed on the slide and the size of the cover slip employed Further- 
more counting may be facilitated, as Dreyer suggests, ^ by inserting on 
the metal diaphragm within the eyepiece a small circle cut from light 
cardboard in the center of which a square aperture has been made 
After a little practice 100 cells per field may be counted rapidly and 
accurately 

The number of fields examined and the total number of cells 
counted can be modified by the degree of accuracy which it is desired 
to attain If the cells have been mixed properly by shaking, the pro- 
portion will be found to vary but slightly in different fields, especially 
if the total number of cells per field is high For accurate enumeration 
It IS advisable that a total of 1,000 cells be counted from each of 
two drops examined 

Calculation of the Patient" s Erythrocyte Count — The total number 
of each type of cell is now computed and by multiplying the sum 
of the fresh corpuscles by 5,000,000 and dividing by the sum of the 
standard suspension cells, the number of patient’s red blood corpuscles 
per cubic millimeter is quickly determined As a matter of fact, the 
six ciphers may be disregarded and simply ‘"5” used, care being exer- 
cised to preserve the decimal 

For example Suppose the sum of standard suspension cells in 
several fields to be 625, and the sum of the patient’s corpuscles in 
the same fields 456 Then 

625 456 5 X 

456X5 

X = or 3 648 

625 

Erthyrocyte count = 3,648,000 

Unless a very large number of cells is counted, it of course, adds 
nothing to the accuracy to carry the decimal beyond three figures 

CONCLUSIONS 

Employing the same principle of comparing the elements to be 
counted with those of a titered standard suspension, as m Dreyer’s 
method, a procedure is devised which has distinct advantages for the 
enumeration of erythrocytes and offers a method which is rapid, 
accurate and clinically practicable 

I am indebted to the metabolism department of the hospital and to Dr 
McIntyre particularly for obtaining blood for the work 


2 Dreyer, Georges A Simple Procedure for the Accurate Enumeration of 
Blood Cells and Bacteria Without the Use of a Counting Chamber, Lancet 1 
219 (Jan 29) 1921 The Counting of Blood Cells and Bacteria, T A M A 77 
1166 (Oct 8) 1921 



THE MECHANISM OF HAY-FEVERS 
FRANCIS M RACKEMANN, MD 

BOSTON 

The mecliarnsm of hay-fever is worthy of careful study for the 
reason that hay-fever is quite typical of the great group of clinical 
conditions presumably due to a natural sensitiveness to some foreign 
substance This sensitiveness is termed allergy Up to the present 
time at least, allergy has been recognized only in man A tendency to 
It IS often inherited It manifests itself by different symptom com- 
plexes each quite characteristic whenever the individual comes in contact 
with the specific foreign substance 

When this contact is by way of the respiratory tract, the symptoms 
are usually referable to disturbances in the nose and the patient is said 
to have hay-fever This hay-fever may be either seasonal or perennial 
Seasonal hay-fever would appear to be a very clear cut disease with a 
definite and well defined etiology, because the symptoms begin and end 
at the exact time when the particular pollen appears and disappears 
m quantity m the atmosphere, also because various biologic reactions 
to the pollen are manifested by hay-fever patients which are not mani- 
fested by normal people , and, finally, because treatment with an extract 
of the pollen brings about relief from symptoms m the majority of 
patients 

In New England there are at least two important types of seasonal 
hay-fever, namely (1) early hay-fever, which begins m early June 
and lasts until the middle of July and is due to a sensitiveness to the 
pollen of the common grasses, and (2) late hay-fever, which occurs 
from the middle of August until the first frost and is due to a sensi- 
tiveness to the pollen of ragweed, or rarely the pollen of goldenrod 
The studies here reported have been made on patients with late hay- 
fe\er who were sensitive to ragweed 

As regards the mechanism of hay-fever, there are several possible 
explanations First, that it is quite the same as the mechanism in the 
artificial sensitization of animals and man namely, that it depends on 
the interaction of antigens and antibodies We know that a rabbit 
or a gumea-pig actively sensitized to horse serum, as well as a man 
recovered from the serum disease following a dose of diphtheria anti- 
toxin from a horse, will give an immediate local reaction when a drop 
of diluted horse serum is applied to the skin And in hay-fever, it is 
well known that when an extract of the specific pollen is applied to the 
skin or to the mucous membranes of the patient, an immediate local 
reaction takes place 


* From the Medical Services of the Massachusetts General Hospital 
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Since there is no pathologic study of the skin test in the literature, we can 
only assume that it is the cells of the skm which are the seat of the reaction 
We know that urticarial wheals are characterized by a transudation of serum 
when spasm of the skin capillaries is followed by dilatation and effusion It 
IS this effusion which by displacing the blood causes the central pallor of the 
wheal This would indicate that the primary disturbance is in the cells of the 
blood vessels rather than in the cells of the skm, and that as suggested by 
Neisser' the condition is due to a vasomotor affection of the nerves supplying 
these blood vessels 

To explain such a local reaction as well as the local symptoms of 
hay-fever there are several possibilities 

1 — The cells of the patient may contain antibodies not present in 
the cells of normal persons but which are added to the normal cell 
function Perhaps, the best evidence of this addition of cellular anti- 
bodies IS the fact that when an antigen is applied repeatedly to the 
same spot on the skm of a hypersensitive patient, the local reactions 
following each application become progressively less — indicating a local 
exhaustion of these antibodies - This same exhaustion occurs m the 
entire skin and mucous membranes but in much less marked degree as a 
result of the successful treatment of hay-fever 

2 — The cells of hay- fever patients may lack something which is 
present in normal cells so that m the former there is a failure to neu- 
tralize some reaction producing element in the antigen An analogy 
is found in those cases in which a positive Schick test indicates an 
absence of normal diphtheria antitoxin Incidentally, the failure to 
demonstrate precipitins might imply a true toxin-antitoxm reaction 
The suggestion that ragweed acted as a true toxin was made in 1905 
by Dunbar ® However, the symptoms following an overdose of ragweed 
are not those following an overdose of a toxin, and, furthermore, it has 
been shown ^ that the blood serum of normal persons and of those hay- 
fever patients who are improved by pollen treatment is not capable 
of so neutralizing even a very dilute pollen solution that it will fail to 
give a skm test in another susceptible patient Also, so far as treatment 
IS concerned, the dried blood serum of a normal horse is about as 
effective as is Dunbar’s “Pollantin” — which is the dried blood serum 
of a horse treated with pollen 

3 — There may be some substance present in the circulating blood 
of the patient which either reacts with the antigen to make it toxic 
or which in some way facilitates the contact between antigen and cell 

1 Neisser, A Quoted by Bruck m his Expenmentelle Beitrage zur Aetiol- 
ogie und pathogenese der Urticaria Arch f Dermat u Syph 96 241, 1909 

2 Mackenzie, G M, and Baldwin, L B Local Desensitization in Hyper- 
sensitne Individuals and Its Bearing on the Prevention of Hay-Fever Arch 
Int Med 28 722 (Dec ) 1921 

3 Dunbar, W P Hay-Fever Berl klin Wchnschr, No 26, p 797, 1905 

4 Rackemann F M The Specific Treatment of Hay-Fever, Boston M & 
S J 182 295, 1920 
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contents If such substance exists in the blood, it should be demon- 
strable wbenevei the skin test is positive We know that m serum 
disease circulating antibodies and skin tests do develop and appeal 
together, but, on the other hand, whereas circulating antibodies disap- 
pear quite promptly in a few weeks, or less, the positive skin test 
will remain demonstiable often for yeais, so that it would be difficult 
to imagine any close dependence between them 

Cnculating antibodies play a definite and important role in expeii- 
niental anaphylaxis The seium of a sensitized animal can cause a 
piecipitate when m contact with the specific seium The detection of 
circulating antibodies m hay-fever is at best difficult and inconstant 
Koesslei ° claims to have transferred pollen sensitiveness from a patient 
to guinea-pigs by means of the blood serum, and Clowes ° demonstrated 
specific precipitms m a few cases before the onset of the hay-fever 
season, but not m all cases Howevei, Cooke, Flood and Coca,'^ m a 
series of caiefully conducted experiments, were not able to demonstiale 
cnculating antibodies by which the sensitiveness to ragweed could be 
tiansfened passively from man to animals, and the author has failed 
to find precipitms m the blood serum of hay-fever patients m spite 
of repeated attempts made m various stages of the disease and during 
treatment 

These precipitin tests were made by adding together 0 5 c c of the patient's 
serum never more than twenty-four hours old and used unheated, and 0 5 c c 
of ragweed solutions diluted m series fioni 1 500 to 1 500,000 

These dilutions were each made from an original stock solution made b> 
extracting 1 0 gm of pure ragweed pollen in 100 c c of saline solution which 
contained 0 5 per cent phenol and two hundredth normal sodium hydrate 

Readings were made not only after an incubation for one hour at 37 C, but 
again after the tubes had been kept in the icebox over night In spite of many 
trials, no precipitates were observed 

Largely because of this difficulty of demonstiatmg any circulating 
antibodies, the question has aiisen as to whethei ragweed pollen can 
act as an antigen or not Parker ® has recently found that by injecting 
enormous doses of ragweed pollen extract mtraperitoneally to guinea- 
pigs ovei long periods of time, she can sensitize them so that the uterus 
suspended m Ringer’s solution will give a well marked conti action 
when ragweed extract is added to the bath Thus it seems demon- 
strated that plant pollens are oi may be weakly antigenic 

5 Koessler, K K The Specific Treatment of Hay-Fever, Forchheimer’s 
Therapeusis of Internal Diseases 5 671 

6 Clowes, G H A Certain Specific Reactions Exhibited by Hay-Fever 
Cases, Proc Soc Exper Biol & Med 10 69, 1913 

7 Cook, R A , Flood, E P , and Coca, A F Hay-Fever, the Nature of the 
Process and of the Mechanism of the Alleviating Effect of Specific Treatment 
J Immunol 11 217, 1917 

8 Parkei, Julia, T The Antigenic Properties of Ragweed Pollen, Proc Soc 
Exp Biol &Med 18-237, 1921 
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Hence, of the three possible explanations of the positive skin test 
in hay-fever, we may conclude that the theory of additional antibodies 
peculiar to the condition and not found in normal individuals is the 
most satisfactory 

It must be noted, however, that the presence of these antibodies 
by no means precludes the possibility that circulating antibodies are 
also important, although, as in serum disease, each appears as judged 
by our crude methods of demonstration — to be independent of the other 

As regards the relation between hay-fever and experimental ana- 
phylaxis, one other point needs emphasis It is characteristic of 
anaphylaxis that an animal which has recovered from the reaction 
following the parenteral injection of a second nonlethal dose of the 
specific protein will be refractory to a third dose of that protein Such 
a desensitization in hay-fever and allergy is by no means so sure, for 
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Chart 1 — Relation of the end results to date of first dose 

as previously shown,^ patients with lafe hay-fever who have reacted 
with urticaria and asthma to an overdose of pollen extract on one day, 
will on the next day show a similar reaction to the same dose of the 
same pollen extract 

Since the demonstration of circulating antibodies is so difficult and 
irregular, we have at present only two satisfactory methods of study 
First, the relation of the end results to the technic of treatment, and 
second, the changes in the skin test following treatment As regards the 
technic of treatment in hay-fever Aside from the choice of a particular 
pollen extract, there may be at least three factors variable for each 
patient 

Chart 1 demonstrates that good results as well as poor results may 
follow without regard to the date on nhich the series of preventive 
inoculations is begun 
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Chart 2 shows quite clearly that both good and bad results may 
follow either a large or small number of treatments as well as a large 
or small total dosage during the season Such findings are to be 
explained by the variation m the degree of sensitiveness of the indi- 
vidual patient 

If we assume that hay-fever is dependent on an excess of fixed 
cellular antibodies, it is easy to undei stand that the degree of sensi- 
tiveness can be determined by the highest dilution of pollen extract 
which IS capable of producing a skin test ® When patients are 
extremely sensitive, that is when they have a large excess of cellular 
antibodies and when consequently they react positively to very high 
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Chart 2 — Relation of end results to number of doses and to total dosage of 
pollen extract The total dosage is expressed in cubic centimeters of 1 100 dilu- 
tion Good results are shown by the circles, the poor results by the dots 

by relatively small doses of extract which would suffice to reduce the 
dilutions of ragweed extract, they theoretically ought to be benefited 
great excess of these cellular antibodies 

In practice, this theory does not hold However, it is dangerous 
to make any very definite statement because individual patients vary 
so widely in their reactions to treatment even if, at the first visit, their 
skin tests seem quite the same For example A group of at least 
eight patients suffering from late hay-fever, on the first visit gave a 
skin test to a 1 10,000 dilution of ragiveed pollen extract Of these, 
four were improved by treatment and each of the four had a total dose 

9 Walker, I C Sensitization and Treatment of Bronchial Asthmatics with 
Pollens, Am J M Sc 157 409, 1919 
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of more than 06 cc of the 1 100 dilution Two patients were not 
improved and each recened less than one-third of the above mentioned 
dose 

A group of at least twent 3 '’-four patients gave a skin test to dilu- 
tions of ragweed no higher than 1 1,000 Sixteen of them were 
improved by treatment , eight were not improved, and yet the amount 
of treatment given was about the same m each group Hence, there 
IS apparently only a very rough relation between the original skin test 
and the results of treatment with a given dosage 

The degree of sensitiveness does seem to dimmish when the treat- 
ment IS successful Skin tests performed m September in successfully 
treated cases of late hay-fever show reactions which are ordinarily 
of somewhat less size than similar tests done in May The reduction 
is, however, rarely more than ten times, that is, if in May they reacted 
to a 1 5,000 dilution, m September they will still react to a 1 500 
dilution I have never seen a skin test to rag^veed disappear entirely 
even in cases in which the treatment was entirely successful Obser- 
vations of this kind are quite difficult of accurate interpretation for the 
reason that ragweed extracts do not hold their potency indefinitely and 
such observations must be made with freshly made extracts using 
exactly the same sample of pollen 

Since, however, the skin test does seem to dimmish even in small 
degree, this fact alone would tend to substantiate the theory that hay- 
fever is due to an excess of fixed cellular antibodies The apparent 
absence of circulating antibodies may be due to our crude method of 
their demonstration 

In order to demonstrate that fixed antibodies were attached to other 
cells than those of the skm of hay-fever patients, I had hoped to obtain 
a vermiform appendix or other specimen of smooth muscle of such a 
patient which could be tested for specific cellular sensitiveness by Dale’s 
method but so far no specimen has been found The red blood 
corpuscles of hay-fever patients might show a reaction to pollen extracts 
different from the corpuscles of normal persons In this connection, it is 
of interest to recall some observations made in 1916 during the course 
of other experiments on serum disease At that time one problem was 
to determine whether the red blood corpuscles of a patient injected with 
foreign serum (horse serum) showed any change in their reactions to 
the serum before and after the injection The study was made on the 
red blood corpuscles of patients with pneumonia Each patient had 
received fairly large doses of antipneumococcus horse serum intrave- 
nously In no case was there any change observed in the mixtures of 
horse serum and cells before and after this specific treatment, in spite 

10 Dale, H H The Anaphylactic Reaction of Plain IMuscle in the Guinea- 
Pig T Pharmacol &. Exper Therap 4 167, 1913 
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of the fact that in most of the cases positive skin tests and piecipitins 
had developed at the time when the second specimen of cells was 
obtained 

The eftect of the active sensitization of guinea-pigs to hoise seiiini 
on the red blood coipnscles of these guinea-pigs was also studied and 
again it was found that there was no diffeience in the reaction of guinea- 
pig cells to horse serum befoie and after sensitization Horse serum 
has always a veiy variable effect on gumea-pig coipuscles, but the vaiia- 
tions m a contiol series of guinea-pigs which weie bled at the same 
mtei vals showed ii i egulai ities and changes no gi eatei oi less than those 
occuiimg in the sensitized animals 

Fuither expeiiments planned to deteimine whethei the cells of 
sensitized guinea-pigs aie hemolyzed by the coiiespondmg antigenic 
seium m the presence of complement weie entiiely negative 

In Older to study the leactions of the red blood coipuscles m hay- 
fe\er patients, blood cells were obtained fiom a consideiable number 
of patients with late hay-fevei — each of whom gave a well maiked 
skin test to lagweed pollen extract at the time of bleeding 

The tests were alwajs set up on the day of the bleeding Blood fiom the 
arm vein was added in small quantities to a test tube full of salt solution, 
mixed thoroughbq and the cells weie then washed three times with saline being 
finally made up in a 5 pei cent suspension m saline solution 

Foi the test equal quantities (0 5 cc) of cell suspension and ragweed 
extract 1 100 weie mixed togethei and incubated at V C for one hour in the 
water bath 

In no case was hemol} sis obsen ed, m spite of the fact that specimens 
of cells weie taken from patients dm mg various stages of hay-fevei 
and from other patients aftei the hay-fe^el season 

When the same test mixtuies ueie held ovei night m the icebox, 
theie weie no changes noted which weie difterent from the contiols — 
that IS, from mixtuies containing led coipuscles of normal peisons and 
ragweed extiact That this absence of hemolysis was not due to the 
absence of complement is shouii by the fact that when the fiesh 
unheated seium of the patient was added to the test mixture of lagweed 
extiact and the same patients’ cells, there still was no hemolysis 

Thus, if we can judge of the piesence of antibodies in red blood 
corpuscles b}'' whethei oi not hemolysis occurs in the presence of the 
antigen, we may say that no such specific antibodies were demonstrated 
in the led blood coipuscles of hay-fe^er patients, a statement which 
IS in entile accoid with the findings alread}’- noted in typical anaph}laxis 
and 111 sei um disease 

DISCUSSION 

Hay-fever is a typical example of the many varieties of natural 
sensitiveness The mechanism of hay-fever depends on the fact that 
the cells contain specific antibodies which are not present in the cells 
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of normal persons That the symptoms are not clue to a lack of function 
which IS normally present is indicated by the absence of any antitoxin 
in the blood, such as occurs with a positive Schick test in diphtheria 

That the symptoms are not due to circulating antibodies which have 
a constant action either on the antigen or on the cells is shown not only 
by the inability to demonstrate such antibodies in the blood but is indi- 
cated also by the analogy in serum disease where the establishment of 
fixed cellular antibodies, as demonstrated by the skin test, is later 
uninfluenced by the disappearance of circulating antibodies 

The great variations in the results of specific treatment by a given 
technic are readily explained by the variations in the degree of sensitive- 
ness, although it IS evident that the delicacy of the skin test is only a^ 
crude measure of the number of cellular antibodies Finally, all attempts 
to demonstrate antibodies fixed to the red blood corpuscles of the patient 
by adding antigen to these corpuscles have failed 

It seems worth while to call attention to the close relation between 
the mechanism of allergy and of immunity Specific antibodies are 
present m both conditions In allergy, these antibodies are predominantly 
fixed in the cells, in immunity, the antibodies are predominately in 
the circulating blood However, in neither condition are the antibodies 
in one location exclusively In allergy the symptoms probably depend 
on reactions which take place in the cells That no such symptoms 
occur in immunity is shown by the experiments of Manwanng and 
Kusama Reactions following perfusion with serum mixtures were 
obtained with the lungs of immune guinea-pigs — which reactions were 
entirely analogous to those obtained with the lungs of anaphylactic 
guinea-pigs The fact that, in life, immune guinea-pigs show no reac- 
tion to injections of the specific antigen, although it is clear that their 
cells do contain fixed antibodies, must be explained by the protection 
afforded by the excess of circulating antibodies The difference between 
allergy and immunity, therefore, depends on whether antibodies are 
predominent in the cells or in the blood 

11 Manwanng, W H , and Kusama, Y Analysis of the Anaphylactic and 
Immune Reactions by Means of the Isolated Guinea-Pig’s Lungs, J Immunol 
2 157 , 1917 
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INTRODUCTION 

Injection of a foreign protein into the animal body leads to certain 
well defined phenomena which should be familar to all If sensitization, 
following a previous dose, be present, anaphylactic shock may result 
Otherwise one expects, first, a latent period with no outward manifes- 
tation but during which it is believed that the protein is undergoing 
chemical change into less complex and more stable substances, and, 
second, a rise of temperatuie with an increase of the neutiophil poly- 
morphonuclear white cells of the blood If the injection be subcutaneous 
or intramuscular, the sequels are mild and last over a da}^ or more , 
if the injection is intiavenous, they are relatively violent and subside 
m a few hours Vaughan^ has considered the excess heat production 
as being due to three factors, (1) the unusual activity of the cells 
supplying the pioteolytic enzyme, (2) cleavage of the foreign piotein, 
(3) the destructive reaction between the split products of the foreign 
protein and the proteins of the body Fever may also be produced by 
the rapid withdrawal of the major portion of the available water of 
the body This method of investigation was first systematically 
exploited by Balcar, Sansum and Woodyatt - and is best carried out 
by the intravenous injection of hypertonic salt solution This, m turn, 
produces a diuresis which, m the course of a few hours, may cause the 
fluid output to exceed the intake by many hundred cubic centimeters 
It has been pointed out m a previous communication ^ that acute 
water shortage results m an increased rate of protein metabolism with 
a rapid increase m the formation of the endproducts which quickly 
pile up m the blood In this case but one of the sources of fever men- 
tioned by Vaughan can he a factor, namely, chemical heat from the 
changes m the body protein These changes resemble, to a striking 
degree, certain features of many of the acute bacterial infections, 

* From the Buhl Memorial Laboratory, Harper Hospital 

1 Vaughan, V C, Vaughan, V C, Jr, and Vaughan, J W Protein Split 
Products m Relation to Immunit}’^ and Disease, 1913 Lea & Febiger, Phila- 
delphia pp 373-416 

2 Balcar, J O , Sansum, W D , and Woodyatt, R T Fever and the Water 
Reserve of the Bod}', Arch Int Med 24 116 (July) 1919 

3 Bacon D K, Anslow, R E and Eppler, H H Intestinal Obstruction, 
Arch Surg 3 641 (Nov ) 1921 
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notably colon bacillus peritonitis, pneumonia and the acute pyogenic 
infections, and will be more fully discussed at a later time The present 
investigation was undertaken to determine whether fever due to the 
increased protein metabolism of acute water shortage was accompanied 
by a leukocytosis similar to that seen after the injection of a foreign 
protein, and if so to consider its bearing on the subject of leukocytosis 
m general 

METHODS 

Dogs were used for experiment and were all, so far as could be 
determined, in good health at the time Dehydration was produced 
by injection into the femoral vein of a solution consisting of sodium 
eWorld, 99 gm , potassium chlorid, 3 3 gm , calcium eWorld, 2 86 gm , 
water, 2,000 c c This represents the concentration of Ringer's solution 
multiplied by 5 5 Sodium eWorld alone was avoided because of the 
sodium poisoning said to occur when it is used on tissues in high con- 
centration and unaccompanied by the physiologic antagonists — ^potas- 
sium and calcium This solution will, later, be referred to as 
dehydration fluid It was given through a graduated funnel such as is 
used in the administration of arsphenamin This was connected by a 
rubber tube to a small glass cannula which could be tied into the vein 
The rate of flow was easily controlled by a small screw clamp on the 
tubing Solution, glassware and tubing were, of course, kept strictly 
aseptic 

In general, no attempt has been made to give the solution at a fixed 
rate, but the calculated amount is allowed to run in quite rapidly , thus 
500 c c could be given m from fifteen to twenty minutes It was found 
that if enough solution were given to leave a high residual salt con- 
centration in the body .after exhaustion of the available water and death 
took place in less thai7 six hours the changes under investigation, while 
they occurred in sorre measure, were abortive and ill defined Thus 
the effort has been ti^ so regulate the amount injected that a smaller 
residual salt content |vas left and that death came in from twelve to 
twenty-four hours This permits of ample time for the interesting 
features to unfold arm develop Success, within these limits, has been 
secured, in a majorit * of experiments, by administration of 50 c c of 
the deh} dration fluid |er kilo of body weight of the animal The process 
is somewhat influenc'td by surroundings, and it, more particularly the 
rise of temper^<Llft'c, may be accelerated by placing the animal in a warm 
room or hdd in check by placing it m a cool room In the latter case 
there ma}’^ be a marked difference between rectal temperature and that 
of the infernal organs The increased urinary output following the 
injection was collected through a retention catheter and allowed to drip 
into a gradi%te wdiere the amount could be read at any time Vene- 
section w^as under 1 per cent procain anesthesia All experimental 
animals w^ere k^t under morphin as a sedative 
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EXPERIMENTAL DATA 

Information on eight dogs is given in Tables 1 to 8 In Dog 1 
figures foi the concentration of total noncoagnlable blood nitrogen are 
given at the same intervals as elapsed between tempeiatuie readings 


Experiment 1 — Dog 1, female, weight 13,440 gm , was injected with 39 c c 
per kilo of dehydration fluid 


TABLE 1 — Sequels oi Acute Watir Siiortagp in Dog 1 








Poly- 

Small 

Mono 








morpho 

Lvmplio- 

- nu 

1 o'-lno 



Fluid 

Fluid 

Blood 

Total 

nuclcnrs. 

cvtcs. 

clears, 

plilK, 

Time 

Tempeia 

IritaLr, 

Output, 

MlroLcn, 

Lcuko 

per 

per 

per 

p(r 

ture 

0 c 

Oc 

Mg 

cites 

Cent 

Cent 

C<nt 

Cent 

0 30 p m 

101 0 

0 

0 

22 2 

1 400 

81 

10 

9 

0 

7 30 p m 

103 2 

‘)2ri 

1,000 

25 

3 (.00 

68 

42 

0 

0 

8 30 p m 

101 0 

'(26 

1,200 

28 0 

6,800 

82 

12 

t, 

0 

10 30 p m 

103 0 

625 

1,490 

30 0 

11,900 

89 

0 

*) 

0 

12 30 a m 

102 8 

626 

1,670 

’3 4 

12,800 

92 

3 

6 

0 

0 30 a m 

105 8 

526 

1,590 

COO 

17,300 

93 

2 

6 

0 


Experiment 2 — Dog 3, female, wt 10,900 gm , was injected with 60 c c per 
kilo of dehydration fluid 

TABLE 2 — Sequeis or Acute Watir Siiortagi in Doo 3 







Poly- 

Small 

Mono 








morpho 

Lvmpho 

nu 

I'o'-lno 



Fluid 

Fluid 

Blood 

Total 

nuclcnrs 

. cytes, 

cl( ars. 

phIN, 


Tempera 

IntnEc, 

Output, 

Mtrogen, 

Lcuko- 

per 

per 

ppr 

per 

'lime 

ture 

0 c 

Cc 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

8 66 pm 

100 0 

0 

0 

27 3 

11,600 

80 

8 

0 

0 

10 OOP m 

99 4 

660 

780 


8,000 

75 

22 

3 

0 

12 00 m 

102 2 

550 

1,120 


16,000 

91 

0 

3 

0 

0 00 a m 

100 2 

550 

1,270 

00 

10,200 

92 

4 

4 

0 


Experiment 3 — Dog 4, female, wt 5,920 gm , was injected with 45 
kilo of deliydiation fluid 

TABLE 3 — Sequels oi Acute Wati-r Shortage in Dog 4 

c c per 







Poll- 

Small 

Mono 








morpho Lymplio 

nu 

I o=lno 



Fluid 

Fluid 

Blood 

Total 

nuclcars. 

cvtcs. 

clcnrc 

, phlF, 


Tempera- 

Intake, 

Output, 

Nitrogen, 

Lcuko 

per 

per 

per 

per 

'J'lmc 

ture 

Oc 

0 c 

Mg 

cjtcs 

Cent 

Cent 

Cent 

Cf nr 

9 46 p m 

100 4 

0 

0 

37 5 

8,400 

74 

14 

11 

1 

10 45 p m 

100 2 

206 

300 


6,000 

03 

30 

7 

0 

12 00 m 

100 4 

205 

610 


11,000 

60 

16 

4 

1 

7 00 a m 

101 0 

206 

040 


10,400 

86 

8 

7 

0 

11 00 a m 

99 2 

206 

060 


21000 

88 

8 

4 

0 

3 00 p m 

100 0 

205 

000 


16,000 

89 

0 

6 

0 

7 00 p m 

100 0 

206 

006 


15,700 

89 

5 

6 

0 

11 OOP m 

lOi 4 

205 

070 

07 







and blood counts to illustrate the growing velocity of protein catabolism 
and the paiallel rise of the white count Additional data on protein 
disintegration in acute water shortage as a process of increasing momen- 
tum have aheady been published ® 
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It must be realized that the withdrawal of repeated samples of 
blood from a small animal constitutes, in itself, an appreciable hemor- 
rhage As hemorrhage is a recognized cause of leukocytosis a possible 
source of error was apparent and in other animals only normal and 


Experiment 4— Dog 5, female, wt 13,210 gm , was injected with SO cc 
per kilo of dehydration fluid 

TABLE 4 — Sequels or Acute Water Shortage in Dog 5 








Poly- 

Small 

Mono 








morpho 

Lympho 

nu 

Eosino 



Fluid 

Fluid 

Blood 

Total 

nuclears. 

cytes. 

clears. 

phils. 


Tempera- 

Intake, 

Output 

, Nitrogen, 

Leuko 

per 

per 

per 

per 

Time 

ture 

Cc 

C c 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

9 50 p m 

998 

0 

0 

18 

6,200 

75 

18 

6 

1 

11 00 pm 

100 6 

650 

640 


5,900 

70 

24 

6 

0 

1 00 a m 

101 4 

650 

990 


9,600 

82 

10 

8 

0 

9 00 a m 

93 6 

650 

1,170 


12,300 

89 

6 

5 

0 

4 OO p m 

998 

650 

1,175 


17,300 

94 

2 

4 

0 

7 OO p m 

102 6 

650 

1,180 

52 

21,200 

94 

1 

5 

0 

Experiment S- 

-Dog 8, 

male, ■ 

Wt 11,710 

gm, was injected with 45 c c per 

kilo of dehydration fluid to which 

was added 2 per 

cent HCl 




TABLE 5 — Sequels of Acute Water Shortage 

IN Dog 8 








Poly- 

Small 

Mono 








morpho 

Lympho 

- nu- 

Eosmo 



Fluid 

Fluid 

Blood 

Total 

nuclears, 

, cytes. 

clears. 

phils. 


Tempera 

Intake, 

Output 

, Nitrogen, 

Leuko 

per 

per 

per 

per 

Time 

ture 

Cc 

0 c 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

10 00 pm 

100 8 

0 

0 

20 

4 300 

79 

11 

10 

0 

11 30 p m 

990 

530 

440 


4,600 

63 

28 

4 

0 

12 30 a m 

lOOO 

530 

640 


7 300 

7S 

21 

6 

0 

1 30 a m 

101 8 

530 

730 


9 900 

81 

14 

5 

0 

2 so a m 

103 0 

530 

780 


14 900 

86 

10 

4 

0 

3 SO a m 

104 4 

530 

800 


19 200 

91 

7 

2 

0 

4 30 a m 

105 2 

530 

810 


19,300 

91 

6 

3 

0 

7 00 a m 

106 2 
Lner 

530 

815 

50 

21 500 

90 

6 

4 

0 


Experiment 6 — Dog 10, male, wt 8,660 gm , was injected with SO c c per 
kilo of dehydration fluid 

TABLE 6 — Sequels of Acute Water Shortage in Dog 10 

Time 

Tempera 

Fluid 

Intake 

Fluid 

Output 

Blood 

Nitrogen, 

Total 

Leuko 

Poly- 

morpho 

nuelearS; 

per 

Small 
Lympho 
, cytes, 
per 

Mono 

nu- 

clears, 

per 

Eosino- 

phils, 

per 

ture 

C c 

C c 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

5 45 p m 

1012 

0 

0 

24 

6,400 

75 

6 

18 

1 

6 45p m 

100 0 

435 

420 


5,400 

72 

20 

8 

0 

7 45 p m 

996 

435 

630 


10,600 

83 

9 

8 

0 

8 45 p m 

100 2 

435 

760 


11 800 

86 

6 

8 

0 

10 45 p m 

1012 

435 

900 


13,700 

92 

4 

4 

0 

12 45 a m 

101 6 

435 

9S0 


18 700 

91 

3 

6 

0 

7 45 a m 

100 2 

435 

1005 


17 600 

92 

2 

6 

0 

12 00 m 

936 

435 

1010 


22,400 

94 

0 

6 

0 

6 30 p m 

106 6 
Liver 

435 

1020 

67 


terminal specimens were taken for blood nitrogen estimation, about 
8 or 10 c c in all , the intermediate values being left to the imagination 
of the reader Blood counts were made from small drops obtained by 
pricking the ears Temperature readings were made per rectum unless 
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otherwise stated Blood nitrogen is given in milligrams per bundled 
c c , leukocyte counts in thousands per cubic millimeter Large lym- 
phocytes and transitionals were counted together as mononuclears 
Fluid intake and output are given as cumulative quantities 

These eight experiments show certain features in common and they 
will be pointed out here to be commented on later About one hour 
after the injection is completed a slight leukopenia exists It is not 
marked and the count may be found essentially the same It is, how- 
ever, associated with a drop in the polymorphonuclear count and an 
increase of the small lymphocytes So marked is this lymphocytosis 


Experiment 7 — Dog 6, male, wt 8,010 gm, was injected with 50 c c per 
kilo of dehydration fluid 

TABLE 7 — Sequels of Acute Water Shortage in Dog 6 



Tempera- 

Fluid 

Intake, 

Fluid 

Output, 

Blood 

Nitrogen, 

Total 

Leuko- 

Poly- 

morplio 

nuclears, 

per 

Small 

Lympho- 

cytes, 

per 

Mono 
■ nu- 
clears, 
per 

Fosino 

Phils, 

per 

Time 

ture 

Ce 

C c 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

9 45 p m 

100 6 

0 

0 

30 

6,000 

80 

6 

14 

0 

11 00 p ra 

100 6 

405 

475 


5100 

71 

24 

5 

0 

12 00 p m 

996 

405 

550 


12,200 

87 

3 

10 

0 

7 30 a m 

98 2 

405 

705 


21,800 

90 

4 

0 

0 

10 00 a m 

103 0 

405 

710 

86 

23 200 

93 

2 

5 

0 


Experiment 8 — Dog 9, male, wt 8,140 gm , was injected with 30 c c per 
kilo of dehydration fluid which was followed very slowly with 15 c c per kilo 
of 5 per cent sodium bicarbonate solution 

TABLE 8 — Sequels of Acute Water Shortage in Dog 9 


Tempera- 

Fluid 

Intake, 

Fluid 

Output, 

Blood 
, Nitrogen, 

Total 

Leuko- 

Poly- 

morpho 

nuclears, 

per 

Small 
Lympho- 
, cytes, 
per 

Mono 

nu- 

clears, 

per 

Fosino- 

phils, 

per 

Time 

ture 

Cc 

C c 

Mg 

cytes 

Cent 

Cent 

Cent 

Cent 

9 30p m 

100 0 

0 

0 

40 

7,000 

79 

6 

14 

1 

10 30 p m 

98 0 

345 

480 


6,500 

78 

13 

9 

0 

11 30 p m 

90 0 

385 

650 


12,000 

87 

7 

2 

4 

12 30 a m 

962 

385 

700 


13,500 

89 

3 

6 

2 

8 30 a m 

101 4 

385 

780 


24,600 

89 

3 

8 

0 

2 30 p m 

101 8 

385 

790 


26,400 

93 

1 

6 

0 

6 30 p m 

102 2 

385 

795 


27,500 

92 

5 

3 

0 

10 00 pm 

105 4 

385 

795 

67 

27,000 

93 

2 

5 

0 


that It suggests more than a merely relative increase and resembles an 
actual addition of these cells to the circulating blood By the same token 
a dilution phenomenon as a cause of the leukopenia is rendered improb- 
able Following this early leukopenia there is a steady increase of the 
total white cell count to levels far above normal This increase is 
apparently almost wholly confined to the neutrophil polymorphonuclear 
cells and there is a marked relative decrease of the remaining types, 
which decrease seems most constant and uniform in the small lympho- 
cytes In Dog 3 the high initial count of 11,500 was accompanied by a 
full stomach and upper intestine and was, we presume, a digestive 
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leukocytosis The fall in the final counts in Dogs 3 and 4 we are unable 
to explain on any basis except that of the early formation of antemortem 
white blood cell blots and immobilization of many of the circulating 
leukocytes Both dogs showed, at necropsy, intracardiac white clots 
There is a parallel rise of the nonprotein nitrogen of the blood 
indicating progressive catabolism of protein and lastly there are wide 
variations in the body temperature If the experiment be quickly con- 
cluded the temperature may progressively rise in response to quite 
violent protein disruption If a longer period elapse between start and 
finish the initial trend of the temperature may be downward and a 
recovery and rise above normal be apparent only in the last third or 
quarter of the time Indeed, the outer surface and orifices of the body 
may snow no elevation of temperature at any time, and it may be found 
only on examination of the deep structures, as in Dog 10 As body 
temperature is a balance between heat formation and elimination, it 
involves too lengthy a discussion for this place Suffice it to say that 
the discrepancies noted indicate faulty distribution, unequal formation 
in different areas and other phenomena dependent on a failing circula- 
tion and a lack of water with its buffer action in heat absorption and 
transportation 

In dogs 8 and 9 the effects of an increasing acidosis and of increas- 
ing the alkali reserve were respectively tried in combination with 
dehydration If one case of each be of value, the acid-base balance 
of the body exerts no very important influence on either leukocyte count 
or blood nitrogen increase 

Other experimental animals showed changes similar to those 
reviewed above In control animals injected with 50 cc of Ringer’s 
solution per kilo of body weight no variations were noted in temperature, 
blood nitrogen or white cell count which exceeded the limits of normal 
A mild upward trend might be observed in animals kept for twenty-four 
hours, particularly if placed in a warm room 

COMMENT 

It has been noted heretofore that injection of a foreign protein gives 
rise to a leukocytosis only after the lapse of an interval during which 
it IS undergoing a change into simpler substances It follows that 
among the split products are to be found the substances which activate 
the white cells in the bone marrow and are responsible for their 
increased appearance in the blood stream While it is conceivable that 
urea, creatinin or amino-acids, if present in high concentration, might 
by their diuretic salt action reduce the water reserve of the body and 
produce a colloidal upset with increased protein metabolism and a 
resultant leukocytosis, we are not aware that they, in themselves, exert 
any direct action on the white cells So, lacking evidence to the contrary. 
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it would seem that the activating substances must belong to that large 
and somewhat ill defined group of intermediate products of protein 
cleavage comprising proteoses, peptones and polypeptids 

To resume the analogy with which this paper was opened, acute 
water shortage results m an increase of the normal protein metabolism 
with a greater production of its by-products, some of which as urea, 
creatinm and uric acid can be measured directly Inference would 
lead to the belief that other by-products, both in the noncoagulable and 
the coagulable fractions, must be present in increased quantities in the 
blood By a further analog}^ the accompanying leukocytosis bears the 
earmarks of a chemical attraction, a positive chemotropism exerted by 
certain, as yet, unidentified portions of the protein molecule, possibly 
through alterations in the surface tension of the white blood cells, as 
Detweiler ^ believes Such a process involves their passage in increased 
numbers from the bone marrow to the blood stream, from the lesser 
to the greater concentration of the attracting substances 

As to the question of leukocytosis as an accompanying feature m 
many physiologic as well as pathologic conditions, the data presented 
make possible the preparation of a more comprehensive general scheme 
than has hitherto been possible 

The increase of white blood cells seen after ingestion of a hea\y 
meal lends itself readily to explanation on a basis of these observations 
It will be recalled that following a meal the blood, for several hours, 
contains an increased concentration of inorganic salts, sugars and amino- 
acids, products of digestion, each capable of exerting a salthke osmotic 
pressure and causing a diuresis In brief, there exists a condition of 
dehydration, if by that term be understood either an actual water loss, 
an increase in the salt content or percentage of colloidal combination of 
the water reserve, or both It has been suggested ^ that strong salt solu- 
tion produces an increased cleavage of body proteins by causing their 
displacement from combination with the usual water of hydration, a 
matter of relative osmotic pressures It serves the need of an hypoth- 
esis in this case and will be used unamended Following ingestion of 
food are found the necessary conditions for a slight increase of metab- 
olism in the body protein There is no direct proof that this occurs 
and if present it is undoubtedly small Nevertheless, the sequels of 
the protein cleavage of dehydration are also present, a picture which 
includes a moderate leukocytosis of perhaps from 10,000 to 12,000, a 
rise of a few tenths of a degree in temperature and an increasd urinary 
output 

Following prolonged or violent exercise there occurs an appreciable 
rise of the white blood cell count which, possibly, depends on certain of 

4 Detweiler, H K Tice’s Practice of Aledicine, W F Prior Co, New 
York, 1920, 1 259 
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the forces under discussion A considerable amount of water may 
escape and combustion of protein for energy may, to a certain degree, 
occur with, in either case, a larger production of nitrogenous bodies 
exerting an activating influence on the leukocytes 

No data are at hand concerning the leukocytosis of pregnancy 
To sum up the nonpathologic leukocytoses, it appears that water 
and salt balance may exert a hitherto underestimated influence It is 
known that daily normal variations occur over a considerable latitude 
Mauriac and Cabouat® have carefully studied these We have noted 
slight increase of white blood cell count, blood nitrogen and temperature 
m control dogs which were kept where some evaporation of water might 
occur In short, the experimental results obtained seem to be due to 
an extension and intensification of forces which may cause variations 
in these three features within the limits of normal and are possibly 
associated in the maintenance of normal values 

Among pathologic increases of the white blood cells, the increase 
following hemorrhage should first claim our attention Musser ® 
reviews this as a sharp rise m the polymorphonuclears due to “retention 
of the leukocytes in the blood stream during hemorrhage by adhesion 
to the vessel walls with diminution of blood volume and, presumably, an 
outpouring of white blood cells from the bone marrow in response to 
an unknown stimulus ” Taylor and Lewis ^ strongly suggest the nature 
of this stimulus by reporting appreciable increases in the nonprotein 
blood nitrogen of dogs subjected to repeated severe hemorrhages This 
high protein metabolism may, in some measure, be due to changes in 
the water and salt balance, but seemingly other factors also play a part, 
as they were unable to prevent it by immediately restoring the blood 
volume with Ringer’s solution after each hemorrhage The almost 
proverbial water hunger which occurs m hemorrhage suggests that 
fluid has a definite place in treatment 

As regards a resemblance of the above experimental records to the 
picture of hemorrhage, it is repeatedly present and includes, in addition 
to a rising leukocyte count and blood nitrogen concentration, a falling 
temperature This combination shows in the fore part of many of 
the charts and is followed by a recovery and rise of the temperature 
in the last few hours only It appears that heat production is increased 
throughout which would lead to the suspicion that its rate of elimination 
is above normal in the early hours to later drop 

5 Maunac, P , and Cabouet, P Variations in Leukocyte Count in the 
Normal, Pans med 11 407 (May 21) 1921 

6 Musser, J H,Jr The Leukocytes After Hemorrhage, Am J M Sc 162 
40 Quly) 1921 

7 Taj lor, A E, and Lewis, H B A Study of the Protein Metabolism 
Under Conditions of Repeated Hemorrhage, J Biol Chem 22 71, 1915 
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We will now discuss a possible explanation of leukocytosis in the 
acute bacterial infections and consider its relationship to the dehydra- 
tion theory of fever as originally advanced by Balcar, Saiisum and 
Woodyatt and later modified by ourselves 

This theory urges the view that the body water reserve exists in 
two forms, first, free and uncombined, in which state the high specific 
heat renders it valuable for absoiption and transportation of calories 
from' one poition of the body to another, thus equalizing temperature, 
or to the sui face for elimination by radiation and, secondly, in colloidal 
combination with proteins, glycogen and m the hydrates of inorganic 
salts, which destroys its ability to regulate heat It fmther suggests 
that m infection the bacteria, through their toxins, so modify the body 
colloids as to lai gely increase their hydration capacity and thus produce 
a shortage of free water Inadequately hydiated proteins commence 
to break down at an abnormally rapid rate and produce increased 
quantities of heat which is largely retained because of the lack of 
available water to care foi it 

The case m favor of the dehydration theory, as it at piesent stands, 
may be stated as follows In many bacterial diseases there is evidence 
of retention within the body during the acute febrile stage of consider- 
able quantities of water Avhich are more or less rapidly leleased as 
recovery ensues To be specific, typical lobar pneumonia retains some- 
times a number of liters of water during the acute stage and liberates 
It lapidly as sweat and urine at the crisis Cases of colon bacillus 
peritonitis which recover will, if accurate account is kept of the fluid 
intake and output, show a similar, if less spectacular, phenomenon 
Even the acute localized cutaneous or subcutaneous infections usually 
show an edema or water retention about them which extends far beyond 
the area of ledness and beyond the aiea of actual bacterial invasion 
This is best observed eaily, before the foimation of pus with its measure 
of immunity, and is a localized demonstration of what may become a 
geneial condition This retention can be explained only on the basis 
of some change in the state of combination m which the vater is held, 
otheiwise it would not occur We know that an acute shortage of water 
will produce quite a large increase in the nonprotem blood nitrogen 
and this m the entire absence of any preexisting nephritis It is due 
largely to two factors, first, an increase of protein metabolism with a 
larger production of waste nitrogen, and, second, a scarcity of water 
as a vehicle foi excietion Tileslon and Comfort® and Wells® have 

8 Tileston, W, and Comfort, C W, Tr The Total Nonprotem Nitrogen 
and the Urea of the Blood in Health and Disease as Estimated bj Folin’s 
Methods, Arch Int Med 14*620 (Nov) 1914 

9 Wells, C W Blood Chemistry Studies in Influenzal Pneumonia, A.rch 
Int Med 26 442 (Oct ) 1920 
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each reported a senes of pneumonia cases in which an increase of blood 
nitrogen is present in a large per cent Vaughan and Morse found 
in a series of peritonitis cases the same feature which may probably 
occur independently of intestinal obstruction These are both conditions 
which almost never give rise to any of the varieties of true nephritis 
and the only acceptable explanation of what has occurred in the cases 
cited, and, inferentially, what has occurred in such cases in general, 
seems to be that outlined It is also reasonably safe to assume that 
the fever of the condition is due to an increased protein catabolism of 
which the high waste nitrogen stands as concrete evidence 

If the velocity of protein cleavage is enhanced, one would expect, 
in addition to the heat production, attraction of an abnormally large 
number of white blood cells from the bone marrow, and, true to form, 
both pneumonia and peritonitis show this The leukopenia sometimes 
seen in the stage of invasion of these diseases, particularly pneumonia 
with its rapid onset, resembles in some ways the leukopenia seen at the 
end of the first hour in the records of dogs subjected to experimental 
dehydration The correct explanation of this feature, from a physico- 
chemical standpoint, we are, at present, unable to give 

Tileston and Comfort state that typhoid fever never shows an 
increase in the nonprotein blood nitrogen The white blood cell count 
is characteristically low, and consequently the condition must be 
exempted from the application of many of the foregoing remarks 

This discussion offers more or less plausible reasons for many 
hitherto not well understood changes m the leukocytes Of course, the 
parallel rise of leukocytes and waste nitrogen seen experimentally cannot 
always be observed in clinical practice because of the probability that 
the relatively soluble urea, creatmm and uric acid may constantly be 
excreted through the kidneys by the intake of quantities of water too 
small to compensate entirely for the pathologic increase in water 
requirements and yet sufficient to care for a considerable portion of the 
waste formed The leukocytes are subject to no such excretion and 
consequently attain maximum values 

If the condition under consideration is a bacteremia, with the most 
marked changes of water balance in the blood, the story ends, so far 
as this paper is concerned, when the leukocytes enter the circulation 
If the infection be a localized one with a general reaction, we may 
understand that toxin concentration, change of water requirements, 
clear age of protein and consequent heat production would be most 
marked in the immediate vicinity of the offending organisms The 
same changes on a somewhat smaller scale would be present in the 
blood The leukocytes, always moving from lesser to greater concen- 

10 Vaughan J W , and Morse, P F Blood Nitrogen Estimations m 
Genito-Unnary and Abdominal Conditions, Arch Surg 3 405 (Sept) 1921 
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tration of the activating nitrogenous bodies, might be expected to lea\e 
the circulation at a point near the area of infection and following the 
ever fresher trail arrive in the midst of the bacteria in increasing 
numbers with eventual engulfment of the organisms, each a center of 
disturbance, thus leading to phagocytosis and pus formation 

SUMMARY 

A picture has been drawm wduch portrays the leukoc}tes and feier 
(if one wishes to consider that an immune reaction) as a second line 
of defense against infection, responding only after invasion due to a 
let down of primary humoral immunity, if such it be, and then respond- 
ing to non-specific stimuli which arise from quantitative alteration in 
the bodily metabolism rather than directly from the infecting organisms , 
the same stimuli wduch on a smaller scale pioduce variations of noimal 
values in the absence of infection 

CONCLUSIONS 

1 An experimental leukocytosis results from production of an 
acute water shortage with corresponding increases of body temperature 
and nonprotem blood nitrogen 

2 This leukocytosis has many features in common w ith the ph) sio- 
logic increases of digestion and exercise 

3 It throw'^s added light on the mechanism of leukoc}tosis in 
hemorrhage, and is corroborative evidence of the essential correctness 
of the dehydration theory of fever 

We wish to express our indebtedness to Dr P F Morse for the use of 
laboratory equipment and for many valuable suggestions, and to Drs C L 
Douglas and E S Crump for kmdlj interest and thoughtful courtesies 
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During the late war there was an urgent need for some objective 
test by which the presence and the degree of circulatory disability could 
be measured The observations on which this paper is based were 
made in the attempt to supply this need 

The great majority of men with organic heart disease were rejected 
before admission to the army, but under the regulations issued for the 
medical examination of drafted men, it was not possible to exclude 
those who suffered from the condition known as irritable heart, neuro- 
circulatory asthenia or effort syndrome, though a considerable percent- 
age was later found to be incapable of active service In England, 
Lewis developed a series of graduated drills by which the capacity of 
these men for service could be estimated I used this system of exer- 
cises at Camp Lewis, both in normal individuals and in cases of irritable 
heart, but after some months it was discarded because the results were 
uncertain and the method required too much time This was chiefly due 
I believe, to the fact that Lewis was dealing with trained soldiers, while 
we had raw recruits An essential for the success of his plan is that the 
exercises be carried out with sharpness and precision, so that the amount 
of effort entailed is more or less uniform With untrained men, espe- 
cially men suffering from cardiac, vasomotor and nervous symptoms, we 
did not succeed m attaining this uniformity After a considerable 
experience of military discipline response to orders is almost involun- 
tary Without this experience movements are slowed and inadequately 
performed at the first onset of fatigue The amount of work done 
\aries rather with the psychic state of the individual than with his 
ph} sicai capacity Time also was of importance in our case Circum- 
stances were such as to call for a decision in days rather than m weeks 
Efforts were made to use the exercise test recommended from 
Washington, D C This depends on the effect on the pulse rate of 
change of position and of hopping 100 times Since no normal stand- 
ards were giien, the pulse rates of 1,000 normal recruits were counted 
throughout a test which was a slight modification of the official test 
From these data statistical standards of normality were prepared ^ But 
this method was also abandoned, for reasons which will be discussed 
in this paper The pulse rate method was still further developed by 

* From the Medical Department of Stanford University Medical School 
1 Addis J A M A 72 181 (Jan 18) 1919 



ADDIS— CIRCULATORl DISABILITY 


241 


obberving the effect of hopping, first 100, then 200, 300, 400 and 500 
times without intermission, except for the short intervals during ^^hlch 
the pulse was counted This test demonstrated that even persons with 
marked symptoms were capable of the quite severe exertion which this 
amount of exercise entails, but otherwise it was not found to he of 
much value 

The test which was actually used developed as a result of a trial 
of Crampton’s method ” in which observations of systolic pressure as 
well as of pulse rate are made before and after rising from the recumbent 
to the elect position First, while the subject is lying down, the pulse 
rate is counted for quarter minute intervals until a constant pulse rate is 
attained The systolic pressure is then taken After the subject stands 
up the pulse rate is again counted until it becomes constant and then 
the second systolic piessuie reading is made The results w^ere found 
to he very variable, and m order to find the causes of this high degiee 
of variability, a consecutive series of blood pressuie and pulse readings 
were made simultaneously at quartei minute mteivals before and after 
the subject altered his position It then became clear that one reason 
for the inconstancy of the results lay in the varying time required for 
the pulse rate to become constant after standing If this time weie 
very short, a fall in systolic pressure was frequently found If it 
took a little longer the pressure was often highei than wdien the sub- 
ject was lying down and later still it fell to a more oi less constant 
level On examining the chaited records of these experiments it was 
seen that the gieatest change in systolic pressure occurred immediately 
after standing and that this effect was usually missed altogether by 
Avaiting until the pulse rate became constant 

The S 3 '’stem of simultaneous pressure and pulse rate measurements 
Avas then applied to the test which had been used in the pulse rate work 
Twelve consecutive pressures and pulse rates weie taken, six before and 
SIX after exercise Exercise consisted of 100 hops timed by a metro- 
nome striking at a rate of 120 to the minute Pulse rates w^ere counted 
over fifteen second periods, and each pressure reading was made as 
nearly as possible m the middle of these periods, wdiich were tuned by 
a watch attached to the sphygomanometer A mercury instrument was 
used wdiich had a 5 inch canvas backed arm band under which a special 
stethoscope bell w^as fitted One hand of the observer was thus free to 
make the an pressure adjustments -while the other held the instrument 
The systolic pressure Avas read at the first appearance of sound as the 
mercury fell But in many cases after exercise the sound of the beat 
of the forcibly pulsating artery against the upper edge of the arm band 
could be heard, and the first accentuation of sound w'as then taken as 
the signal to read the systolic pressure The diastolic pressure was read 

2 Crampton New York M J 98 916, 1913 
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at the commencement of the fourth phase, or at the disappearance of 
sound when no fourth phase could be distinguished The blood pres- 
sures were taken by myself, the pulse rates by an assistant, usually with 
a stethoscope over the heart Simultaneous counts by two assistants, 
one from the wrist and one from the heart, showed that a considerable 
degree of accuracy was quickly attained Another assistant acted as 
recorder The effect of change of position was determined both before 
and after exercise by having the subject lying flat on his back for the 
first three fifteen second periods and standing erect for the next three 
periods The whole test required 230 seconds, the first forty-five lying 
down before exercise, the second forty-five standing before exercise, 
the hopping co^vered fifty seconds and was followed by lying and stand- 
ing position for two forty-five second periods Twelve observations 
were thus obtained from each subject under four successively changing 
conditions 

SECTION I 

THE REACTION OF THE CARDIOVASCULAR SYSTEM IN NORMAL 

INDIVIDUALS 

The average reaction of the cardiovascular systems of normal indi- 
viduals and Its variability under this test was first determined For 
this purpose 300 soldiers between the ages of 21 and 31 were chosen 
They stated that they were m good health at the time they were 
examined and none had suffered from any recent illness or infection 
All had undergone two or more months of intensive physical training 
The averages, coefficients of variation (tlie standard deviations 
expressed as percentages of their respective averages) are given in 
Tables 1 and 2 The frequency distributions for each of the twelve 
periods will be found m Table 11 The averages are charted in 
Figure 1 

The conditions of this test constitute in reality two different tests, 
for the cardiovascular system has to adapt itself to two diverse forms 
of strain There is the strain of adjustment to muscular exercise which 
requires that the nervous system, the heart and the vessels should work 
together to send a greater supply of blood to the active muscles And 
there is the strain, both before and after exercise, of adjustment to a 
sudden change from a horizontal to a vertical position of the body 
This requires an intricate mechanism of adaption from the cardiovas- 
cular system to prevent the force of gravity from interfering with the 
uniformity of blood distribution Therefore in using the pressure and 
pulse rate measurements on normal individuals for establishing stand- 
ards we must distinguish between the effect of exercise and the effect 
of change of position, and must choose those periods in the series of 
measurements at which the effects are most marked It is apparent 
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Fig 1 — Noimal Pci sons Average blood pressure and pulse rate of 300 
noiinal persons showing the eflfcct of change of position and of exercise Ihc 
daiker shaded areas icprescnt the period during which the subjects weie lying 
,down, the lighter areas the period during which thej stood up while the 
unshaded portion indicates the time dining which 100 hops were liken 
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from Figure 1 that the most pronounced effect of exercise is seen m 
the first period after exercise, and that the change from the recumbent 
to the erect position occurs m the first periods after standing These 
are the points at which the effects of the two strains should he estimated 
The base from which the degree of effect should be measured is the 
third period m the lying position in the case of exercise, and the periods 

TABLE 1 — Atorages of 310 Normals 


Time in Seconds 

A - 

0 15 SO 45 60 75 90 140 155 170 1S5 200 215 230 



1 1 

Lying 

1 1 
Standing 

Hop 

ping 


1 1 
Standing 

Systolic 

127 

127 

125 

126 

134 

131 


156 

153 

147 

138 

145 

141 

Diastolic 

78 

80 

81 

86 

90 

91 


68 

74 

78 

84 

87 

87 

Pulse pressure 

50 

47 

44 

39 

44 

41 


88 

79 

70 

55 

59 

54 

Pulse rate 

80 

76 

74 


84 

82 


101 

90 

86 

102 

95 

93 

P P X P R 

3980 

3700 



3790 

3380 

■ 

9030 

7190 

6040 

5630 

5930 

5050 


immediately preceding standing in the case of the strain induced by 
change of position The average effect can be deduced by difference 
from the averages given in Table 1 Thus exercise raises the systolic 
pressure from 125 to 156, an increase of 31 mm of mercury while 
standing raises the systolic pressure 1 mm before exercise and is accom- 
pamed by a fall of 9 mm after exercise It would seem then that 
normality might be expressed as all those differences which he within 
the range of the average differences and — some measure of varia- 
bility of the measurements 

TABLE 2 — CoFFiciENTs of Variation ^ X 100% 

300 Normals 


Time in Seconds 

■ 

0 15 30 45 CO 75 90 140 155 170 185 200 215 230 



1 I 

Lying Before 
Exercise, % 

1 1 

Standing Before 
Exercise % 

Hop 

ping 

1 1 

Lying After 
Exercise, % 

! 1 

Standing After 
Exercise, % 


Systolic 

13 

13 

12 

13 

13 

12 


13 

13 

14 

16 

13 

13 


Diastolic 

14 

14 

12 

15 

13 

13 


17 

15 

14 

14 

14 

13 


Pulse pressure 

28 

28 

29 

27 

27 

26 


21 

22 

23 

29 

25 

26 


Pulse rate 

16 

16 

16 

16 

18 

18 


15 

15 

15 

15 

17 

17 


P P X P R 

38 

36 

36 

33 

36 

34 


28 

28 

30 

S3 

81 

33 



But to adopt this plan would be to neglect the possibility that the 
level of the base may influence the difference induced by strain It may 
be that exercise produces a greater difference m a subject with low 
blood pressure and slow pulse than it would if before the exercise the 
cardiovascular system were already in a state of hyperactivity If that 
IS so each initial level will have its own peculiar limits of variation 
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In order to decide this preliminary question the data were arranged 
so that the amount of difference induced in subjects with mitiallv low 
pressure and slow pulse could be compared with the difference produced 
in subjects with relatively high pressure and rapid pulse The average 


TABLE 3 — Relation Between the Initial Level of Pressure or Pulse 
Rate and the Effect Produced by Strain 


Effect of Exercise 


Effect of Change from Horizontal to Vertical Position 


Standing Before Exercise I Standing After 1 xerclse 


Group 

Num- 
ber of 
Sub- 
jects 
in 

Group 

Aver- 
age of 
Group 
Before 
Exer- 
cise 

Change 

in 

Average 
of Group 
After 
Exercise 

Num- 
ber of 
Sub- 
jects 
in 

Group 

Aver- 
age of 
Group 
Before 
Stand- 
ing 

Change 

in 

Average 
of Group 
After 
Standing 

Num- 
ber of 
Sub 
jects 
in 

Group 

A\ cr- 
age of 
Group 
Before 
Stand- 
ing 

Change 

in 

Avorngc 
of Group 
After 
Standing 

Systolic Pres 


■■ 




MB 




sure 










101-110 

36 


- f 30 

36 

109 





111-120 

78 


- f -31 

78 

118 


25 

119 

—3 

121-130 

75 


- 1-33 

76 

128 


40 

128 

-5 

131-110 

50 

138 

- f -30 

60 

138 


54 

139 

-5 

111-150 

28 

148 

- f 32 

28 

148 


56 

149 

-11 

151-160 







47 

168 

-13 

161-lVO 







42 

168 

-15 

Diastolic Pres- 










sure 










61- 60 







24 

59 

+9 

67- 10 

61 

69 

—10 

61 

69 

+7 

SO 

09 

+9 

71- 80 

no 

79 

—12 

no 

79 

-^6 

10> 

78 

•f 3 

81- 90 

80 

88 

—14 

80 

88 

+4 

61 

88 

+5 

91-100 

32 

98 

—17 

32 

98 

+2 




Pulse Pressure 










21- 30 

41 

28 

+46 

41 

28 

+1 




31- 40 

93 

38 

+44 

93 

38 

—3 




11- 60 

101 

48 

+41 

101 

48 

—7 

SO 

49 

— S 

61- 60 

43 

67 

+43 

43 

57 

—11 

58 

68 

-10 

61- 70 







77 

68 

—13 

71- 80 







60 

78 

—16 

81- 90 







32 

88 

—19 

91-100 







22 

98 

—21 

Pulse Bate per 










Minute 










53- 60 

33 

58 

+27 

33 

58 

+19 




61- 68 

77 

66 

+26 

77 

66 

+19 




69- 76 

84 

74 

+29 

84 

74 

+18 

04 

74 


77- 84 

43 

82 

+24 

43 

82 

+ 16 

74 

82 


8'>- 92 

36 

89 

+29 

36 

89 

+19 

71 

90 


93-100 







38 

97 

+ 15 

P P X P E 










1000-1999 

37 

1653 


37 

1653 

+777 




2000-2999 

85 

2595 


85 

2595 

+520 




3000-3999 

107 

3425 

+5825 

107 

3425 

+245 

24 

3543 

+225 

4000-4999 

37 

4376 

4-6075 

37 

4375 

-40 

53 

4452 

83 

5000-5999 

25 

6455 

+6675 

25 

5455 

-250 

07 

5401 

—379 

6000-6999 







58 

0343 

—256 

7000-7999 







40 

7412 

— 955 

8000-8999 







20 

8419 

—343 


differences for groups with progressively increasing initial levels are 
given in Table 3 

In the case of the P P X P R product and also of the pulse pres- 
sure and the diastolic pressure, the absolute difference induced b5 strain 
IS shown in Table 3 to be dependent on the level from which the differ- 
ence IS measured On the other hand, the pulse rate figures show no 
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dependence and in the case of the systolic pressure there is an approxi- 
mately uniform increase after exercise whether the initial level is low 
or high 

Porter and Richardson ® made a series of observations on various 
species of animals in order to determine the effect of variations in the 
initial level of mean blood pressure on the absolute increase caused by a 
uniform stimulus They found that with initial pressures from 20 to 
160 the increase was approximately the same whether the initial pres- 
sures were high or low But neither their figures, nor those gn en here 
for the systolic pressure after exercise are sufficiently numerous to 
exclude the possibility of a slight degree of dependence For the 
changes produced by strain in the different groups are as constant for 
the pulse rate as for the systolic pressure, and yet when a larger number 
of observations are dealt with it can be demonstrated that the higher the 
original level of pulse rate the less is the absolute increase produced 


TABLE 4 — Relation Between the Initial Level of Pulse Rate and the 
Effect Produced by Strain Pulse Rate Per Minute from 
' Da.ta on 1,000 Normal Recruits 


Group 

Effect of Exercise 

Effect of Change of Position 
Standing Before Exercise 

Number of 1 
Subjects in 
Group 

Average I 
1 of Group ' 
Before 

1 Exercise 

Increase 
m Average 
of Group 
After ! 
Exercise | 

Number of ^ 
Subjects in 
Group 

Average I 
of Group ' 
Before 
Standing | 

Increase 
m Average 
of Grouo 
After 
Standing 

6(1-69 

193 

65 

-i-33 1 

193 

65 

-i-2D 

(0-79 

305 

74 

-f29 * 

305 

74 

-f-17 

SO-S9 

35S 

83 

-i-28 1 

358 

83 

-MB 

90-99 

78 

94 

-f26 

78 

94 

-M4 


by exercise and change of position These data were obtained from 
counts made on 1,000 normal recruits under conditions very similar to 
those described here ^ 

The “probable difference between the averages” of the increases of 
consecutive groups were calculated and were found to be several times 
smaller than the actual differences This fact taken in conjunction with 
the existence here of a double series both showing a progressive 
decrease excludes the possibility that these differences can be accidental 

If an adequate number of observations were available, it might be 
found that a similar minor degree of dependence on initial level existed 
in the case of the systolic pressure also But since in any case it has 
been shown that the original level is a factor in the change produced 
in all the other measurements, it is essential that the records after 
strain be grouped in accordance with the order of magnitude of the 
level before strain It is only from the averages of these groups and 

3 Porter and Richardson Am J Physiol 23 131, 1908 
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from a measure of their variability that a standard may be deduced 
which will be applicable to all cases no matter how variable the level 
before strain 

The usual measure of variability — the standard deviation — is appli- 
cable only m the event of the data grouping themselves in a "normal” 


TABLE 5 — ^Averages and Standard Deviations After Strain Arranged in 
Accordance with the Level of Pressure or Pulse Rate Before Strain 



Basal 







Basal 

After 


Average 



After strain 



Average 

Strain 


Before 







Before 

After 


Ever- 


After 


After 

Standing 

Standing 

Group 

else or 


Evcrcise 


Standing 

After 

After 


standing 







Exercise 

Exercise 


Third 

First 

Third 

First 

Third 

First 


Period 

Period 

Period 

Period 

Period 

Period 


No 

Av 

Av 

to 

Av 

c 

Av 


No 

Av 

Av 

O' 

Systolic 













Pressure 













101-110 

36 

109 

13S 

-1-13 

131 

-1-12 

112 

-1-11 





111-120 

7S 

118 

149 

-+-13 

139 

-1-11 


-1-11 

25 

119 

117 

-1-8 

121-130 

75 

128 

161 

-1-15 

153 

-1-14 

126 

-1-11 

Km 

128 

123 

-1-12 

131-140 

50 

138 

16S 

-1-12 

160 

-1-11 

134 

-1-13 

54 

■Bn 

134 

-1-10 

141-150 

28 

148 

180 


170 

±14 

147 

-1-16 

56 

149 

138 

-1-11 

151-lCO 








47 

158 

145 

-+-13 

lGl-170 









42 

168 

153 

±15 

Diastolic 













Pressure 













51- 60 









24 

59 

68 

-i-q 

01- 70 

61 


60 

± 9 

69 

± 8 

76 

-4- 8 

80 

69 

78 

±6 

71- 60 

110 


68 

9 

7() 

-1- 8 

85 

-1- 9 

105 

78 

82 


81- 90 

SO 

88 

73 

-1-10 

82 

±11 

92 

-1-10 


88 

94 

±9 

91-100 

32 

98 

81 

±11 

89 

±10 

99 

± 7 




Pulse 













Pressure 













21- 30 

41 

28 

74 

-1-15 

54 

-1-13 

29 

± 8 





31- 40 

93 

38 

83 

-1-15 

65 

-1-11 

36 

-1- 8 





41- 50 

101 

48 

90 

±13 

72 

-1-13 

41 

-1-10 

30 

49 

41 

-1- 9 

51- 60 

43 

57 

102 

±13 

83 

±13 

47 

±11 

58 

58 

48 

-1-10 

01- 70 






77 

68 

55 

-1-10 

71- SO 









60 

78 

62 

-1-13 

81- 90 









32 

88 

69 

-1-15 

91-100 









22 

98 

78 

±16 

PulseEate 







m 






53- GO 

33 

58 

85 

-1-10 

71 

-1-6 

±10 





61- 68 

77 

68 

92 
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69- 76 

81 

74 
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-1-11 
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92 
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-1-10 
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43 

82 
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±11 

89 

-1-7 

97 
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-1- 8 
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36 

90 

118 

±11 

100 
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109 

±10 
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104 

-1-10 

93-100 
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97 

112 

± 9 

PP xPE 
1000-1999 

37 

1653 

6175 

-1-2093 

4045 

±1183 

2430 

-H)50 





2000-2999 

85 

2595 

7830 

-1-1750 

5180 

-1-1162 

3115 

-1-830 





3000-3999 

107 

3425 

9250 

-1-1769 

6195 

-1-1338 

3670 

-1-940 

24 

3545 

3770 

-4-832 

4000-4999 

37 

4375 

10450 

-1-1766 

7125 

±1225 

4335 

-1-1255 

53 

4452 

4535 

-1-924 

5000-5999 

25 

5455 

12130 

-1-1835 

8500 

±1667 

5205 

-1-lOSO 

67 

5404 

5025 

-1-1027 

6000-6999 





58 

6343 

6087 

-1-1283 

7000-7999 









40 

7412 

6467 

-1-1600 

8000-8999 









26 

8419 

7576 

-1-1867 


curve The frequency distributions given in Table 11 show that this 
may be assumed to be the case for blood pressure and pulse rate 
observations 

In Table 5 the averages and standard deviations for the periods 
best adapted for revealing the effect of strain are given The data m 





























































ADDIS— CIRCULATORY DISABILITY 


249 


the periods befoie strain were grouped in accordance with their order 
of magnitude, and the coi i espondmg measuiements after strain for 
each gi oup wei e avei aged and the standai d deviation determined Thus, 
for instance, the systolic piessures after exercise of all those individuals 
whose systolic piessure befoie exercise lay between 101 and 110, weie 
a^eraged, and so on Fiom these figuies standards of any degiee of 
iigidity ma} be obtained For piactical purposes it may be regaided as 
almost ceitam that no normal individual will deviate moie than ±30 
times the standai d deviation fiom the average The odds are that only 
one individual out of 740 will vaiy as much or more than this from 
the mean With lesser degiees of deviation the chances that the mea- 
suiement might be such as would be given by a normal individual 
rapidly increase until at the average ± 1 75 times the standai d devia- 
tion the odds aie that one out of eveiy twenty-five normals might 
deMate so fai from the average Between these two limits he the cases 
which may be eithei noimal or abnoimal, tbe chances varying according 
as the} approach the lower oi the upper limit In cases beyond the 
limit farthest from the average theie is piactically no chance of normal- 
ity, in cases nearer the average than the other limit, the chances of 
normality are so considerable that there is not sufficient reason for 
raising the h}pothesis of abnormality 

In Figure 2 these limits aie charted from smoothed curves derived 
from the data gnen in Table 5 In order to save space only the limits 
for the P P X P P product have been charted, and only the limits 
below the average after exeicise and change of position have been 
defined because these standards are sufficient for the grading of the 
more important abnormalities found in the patients we examined For 
cases with other types of abnormality similar standards can be easily 
prepared from Table 5 

SECTION II 

THE SIGNinCANCC OF THE PRESSURE AND PULSE RATE 
REACTIONS OF NORMAL INDIVIDUALS 

In this section the reasons why exercise and change of position 
should produce the effects on piessure and pulse rate which we have 
noted aie considered The effects undei consideration will be more 
easily followed by leference to Figure 1 In this chart, and in all the 
others given in this papei, the darkei shading indicates that the sub- 
jects were lying down, the lightei that they weie standing The unshaded 
portion of the chait is the period duimg which they were hopping 
The curves indicate that exercise increases the pulse pressure, and the 
pulse rate, and mai kedly inci eases the P P X P P product Chang- 
ing from the recumbent to the eiect position decreases the pulse pressure, 
increases the pulse rate, and has no very definite effect on the 
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P P X P R product Before attempting any discussion of these 
general effects special experiments were carried out in which the influ- 
ence of progressively increasing increments of work and the effect of 
several modifications in the position of the body were determined in 
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Fig 3 — Lying Average blood pressure and pulse rate reactions of a group 
of five normal persons observed while thev were lying down m the intervals 
between increasing amounts of exercise This figure should be compared with 
Figure 4 in which the reactions of the same group are charted from observa- 
tions made while they were standing It will be noted that there is little dif- 
ference between the PP XPR curves in this figure and in Figure 4 But 
the pulse pressure is higher and the pulse rate lower in the lying than in the 
standing position 

the hope that the more pronounced pressure and pulse rate effects 
thereby produced would facilitate the interpretation of the results 

These special experiments were simply a continuation and intensifi- 
cation of the exercise conditions under which the average effects shown 
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in Figure 1 were obtained, combined with vanous alterations in the 
position of the bod)^ Immediately aftei the completion of the observa- 
tions following 100 hops, the subjects hopped 200 times and after the 
same intervals foi the measuiement of the piessure and pulse rate 300 



Fig 4 — Standing Average blood pressure and pulse rate reactions of a 
group of five normal persons observed while lhe 3 ' were standing up in the 
intervals between increasing amounts of exercise This figure should be com- 
pared with the results on the same group observed while they were lying down 
(Fig 3) The systolic pressure curve shows what has been described as a 
“delaj'cd rise in sj'stohc pressure after exercise ” This is seen onlj' when the 
subjects are standing up It is absent from Figure 3 where the subjects were 
Iving down 

and then 400 and lastly 500 hops weie taken In this mannei a con- 
secutive senes of obseivations were made covering a period of nearly 
half an hour and the effect of the pi ogressively increasing amount of 
work was determined The position of the body was varied by having 
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the subjects he down or stand up between the hopping, or alternately 
he down and stand up at intervals of forty-five seconds between the 
exercises A group of five normal individuals were observed during 
lying, standing, and alternate lying and standing experiments, and in 
another group of three normals ten experiments were performed lying 
on a tilting table, head down, at an angle of 23 degrees and compared 
with ten experiments on the same subjects in which the readings were 
made while they were standing ^ The averages obtained in the experi- 
ments in which one position was continuously maintained are charted 
in Figures 3, 4, 5 and 6 The alternate lying and standing experiment 
will be given later when the effect of change of position is discussed 

The effect of exercise on the circulation has been studied by methods 
which allow of an accurate measurement of changes in the volume flow 
of blood, 1 e , of the amount of blood flowing through the aorta per 
unit of time This work has been recently collected and summarized 
by Bambridge ® It is agreed that two changes occur in the heart’s 
action There is an increase m the amount of blood discharged at each 
systole and there is an increase in the number of systoles The com- 
bined effect of both of these changes is an increase in the amount of 
blood flowing per unit of time through the aorta Lindhard® and 
Newburgh and Means ^ found that when muscular work was performed 
there was a direct proportion between the amount of work done, and 
the increase in the volume flow of blood This gives the most complete 
and final answer to the question as to the general circulatory effect of 
exercise, so that all we need do is to study our pressure and pulse rate 
data in order to find whether there is anything in them which might 
have enabled us to arrive at the correct conclusion if we had had to 
depend on them alone If the volume flow of blood had been measured, 
and plotted on our charts it would have shown a progressive increase 
with each increment of work, so that if any pressure or pulse rate data 
can be taken as an index of changes in volume flow the curves derived 
from them must also show this progressive increase 

When the charts are studied in the light of these facts it is clear 
that the only curves which can approximate to changes in volume flow 
of blood are the P P X P R curves In all the four charts, irrespec- 
tive of the position of the body, there is a progressive increase as the 
work done increases This is what might have been expected on a 
prion grounds, for the volume flow of blood per minute is the product 

4 An experiment of this sort was made on this group while they sat down 
between the exercises The results closely resembled those obtained in the 
standing experiments 

5 Bambridge The Physiology of Muscular Exercise, 1919, Oxford Press 

6 Lindhard Arch f d ges Physiol 161 233, 1915 

7 Newburgh and Means J Pharmacol & Exper Therap 7 441, 1915 
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of the systolic output per beat and the number of beats per minute 
The pulse piessure is produced by the systolic output of the heart, and, 
other things being equal, will increase in direct proportion to any 
increase m the amount of blood discharged into the aorta with each 



Fig 5 — Inverted Lying Average blood pressure and pulse rate reactions 
derived from ten experiments on three normal persons while they were lying 
inverted on a table at an angle of 23 degrees in the intervals between increasing 
amounts of exercise 

This figure should be compared with the results on the same group observed 
while they were standing (Fig 6) It shows that during inverted lying the 
pulse pressure is higher and the pulse rate lower than in the standing position, 
though there is not much difference between the P P X P R curves in the two 
experiments 

systole of the heart The P P X P R product may, therefore, be 
expected to follow changes in volume flow of blood more closely than 
any other pressure or pulse rate measurements These charts show 
that what might be expected does actually occur 
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If any one of these charts is studied alone, it might appear that 
pulse pressure or pulse rate alone might follow the changes in volume 
flow, for both of these curves increase with each increment of work 
But if the curves in the lying experiments are compared with the same 
curves in the standing experiments, it will be noticed that the position 
of the body has a considerable influence on the degree of increase 



froi^^ten experiments on three normal persons while they were standing in the 
intervaf-s^etween increasing amounts of exercise For comparison with Figure 5 

\ 

shown by each of them In Table 6 the first readings after exercise 
in the lying ptisition are compared with the first readings after exer- 
cise in the standing position, and m Table 7 the first readings after 
exercise while the subjects tyere lying inverted are contrasted with read- 
ings on the same subject/ made at the same point while they were 
standing 
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In both comparisons the pulse piessure increase is less and the pulse 
rate mci ease is £^reater when standing than when lying The reason for 
these differences will be discussed when the effect of change of posi- 
tion IS considered They are mentioned here in order to show that 
neither pulse piessuie nor pulse rate alone can be adequate measures 
of the effect of exercise because they are influenced by a factor extra- 
neous to the exercise So also it may be said that neither systolic output 

TABLE 6 — Enicx oi Exlrcisl Comparison or Obslrvations Made Imme- 
DIATEL\ AfIT-R ExERCISE ON SUBJECTS WlIO WlRE L\ING DoWN, WlTH 
Obseriatioxs Made at the Same Point on the Same Subjects When 
Thlv Were Kept Standing 


1 \crpiee 
Number 
of Hops 

Position 

1 

Blood Pressure 

Pulse 

Pressure 

Pulse 

Rnte 

P P / P R 



100 i 

L\ Inp 

ITS 

00 

78 

83 1 

0 404 


Stnnding 

117 

70 

77 

111 

8,550 

200 

lAlnp 

150 

52 

98 

95 

9,32 1 


Stnnflini, 


52 

84 

122 

10,249 

300 

Ta inf. 


50 

104 

102 

10,0'0 


Stfinflinp 

110 

i io 

95 

131 

12 430 

100 

Ja Inp 

118 

50 

108 

107 

11 000 


Stnndiiif, 

130 

U 

92 

I 142 

13,100 

TOO 

lAinf, 

102 

51 

111 

118 

13,100 


St.indiiif, 

1T2 

38 

04 

161 

14,.0O 


TABLE 7 — Eiiect or Exercise Comparison oi OBsrR\ATioNb Made Imme- 
diately After Exercise on Subjicts Who Were Lying Inverted Head 
Down, With Observations Made at the Same Point on the Same 
Subjects When They Were Kept Standing 


r\crclsc 
Number 
of Hops 

j 

Position 

Blood Pressure 

Pulse 

Pressure 

Pulse 

Rate 

P P X P R 

Systolic 

Diastolic 

ICO 

lAinp invcited 

144 

72 

72 

81 

5,&30 


Stnndinp 

130 

04 

72 

101 

7,275 

200 

TaIdp in\ertcd 

153 

00 

87 

88 

7,030 


.Stendinp 

142 

01 

81 

117 

9,400 

300 

Jjjinp iniertcd 

100 

05 

DO 

101 

i 9,000 


Stnndinp 

144 

53 

02 

129 

11,800 

400 

Ljlnp inierted 

107 

03 

104 

105 

10,900 


Stiinding 

130 

46 

94 

140 

13,120 

500 

Lying in5 erted 

107 

58 

110 

no 

12,770 


Stiinding 

132 

41 

91 

148 

13,350 


per beat noi pulse rate alone are measures of the actual changes in 
volume flow of blood These changes can be measured only by the 
product of the systolic output per beat and the number of beats per 
unit of time And in the data we have obtained in these experiments 
the only curves which can coincide with the progressive and uniform 
increase in volume flow of blood which we know occurred, are the 
curves derived from the product of the pulse pressure and the pulse 
rate 
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It may be concluded, therefore, that an attempt to determine the 
effect of exercise on the circulation from pressure and pulse rate data 
alone could have been successful only if it had been based on the 
changes in the P P X P R product 



Fig 7 — ^Alternate Lying and Standing Average blood pressure and pulse 
rate reactions of a group of five normal persons observed while they alternately 
lay down and stood up during forty-five second periods in the intervals between 
increasing amounts of exercise The darker areas are the periods when the 
subjects were lying down, the lighter the periods during which they were 
standing It will be noted that the P P X P R curve is almost smooth after 
100 hops but that on standing there is a progressively increasing break m the 
curve as the amount of exercise increases 

The foregoing interpretation of changes in blood pressure and pulse 
rate measurements after exercise m the light of knowledge of the actual 
circulatory effect may be used as a guide in discussing the effect of 
change of position, a question m which we have no decisive knowledge 
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to guide us and one m which we shall accordingly have to depend on 
pressure and pulse rate observations alone One result of difference 
in body position has already been noted in the comparison between read- 
ings made m the lying and in the standing positions, but a more striking 
result was obtained when the subjects were required alternately to he 
down and stand up at fort 3 ^-five second intervals This experiment was 
carried out on the same group of five individuals from whom the read- 
ings charted in Figures 3 and 4 were obtained The results are shown 
in Figure 7 The darkei areas in the chart are the periods when the 
subjects were lying down, the lighter the time during which they were 
standing 

The general result of these sudden alterations of position is that 
the smooth curves obtained m the experiments in which one position 
was continuously maintained are replaced by broken curves The 
breaks recur regularly at each change of position On standing, the 
systolic pressure drops and the diastolic pressure rises, so that there is 

TABLE 8 — Effect of Change of Position Comparison of Observations on 
Subjects Immediately After They Stood Up With Observations on the 
Same Subjects at the Same Point in the Experiment on Continued 
Standing 


r\ercisc 
Number 
of Hops 

Position 

Blood Pressure 

Pulse 

Pressure 

Pulse 

Bate 

P P X P B 



100 

Standing after lying 

Bii 

13 

44 

83 

3,835 


Standing continuously 


10 

67 

94 

5,3SO 

200 

Standing after lying 

HiH 

ri 

40 

97 

3,870 


Standing continuously 

143 

! 1i 

69 

98 

6,736 

SOO 

Standing after lying 

111 

71 

40 

104 

4,160 


Standing continuously 

148 

65 

83 

107 

8,900 

400 

Standing after ly ing 

110 

73 

37 

118 

4,350 


Standing continuously 

140 

68 

72 

114 

8,180 

500 

Standing after ly ing 

105 

71 

34 

123 1 

4,190 


Standing continuously 

138 

63 

75 

123 

9,548 


a great decrease in pulse pressure But it will be noted that with every 
change in the pulse pressure curve there is a change in the contrary 
direction in the pulse rate curve If these counterbalancing alterations in 
pulse pressure and pulse rate had exactly neutralized one another the 
P P X P R curve would have been quite smooth But as the amount 
of exercise increases the breaks in the P P X P R curve become 
more and more marked After 100 hops the curve is almost smooth, 
but after 500 hops there is a very pronounced fall during the first 
fifteen seconds after standing So far as the product is concerned, 
these breaks m the curve immediately after standing are all that dis- 
tinguish this alternate lying and standing experiment from the lying 
experiment or the standing experiment on the same subjects In the 
latter the P P X P R curves are quite smooth, in this one they are 
broken It is evident that in this experiment during the period immedi- 
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ately following the assumption of the erect position, and during this 
short period alone, some new factor becomes operative which has the 
effect of diminishing the P P X P R product Elsewhere the prod- 
uct is smooth, and the changes in pulse pressure and pulse rate are such 
as have already been noted as characteristic of the standing as opposed 
to the lying position, and leave the P P X P R unaffected But in 
this first fifteen seconds after standing something happens which is not 
present when the erect position is continuously maintained This is 
evident from Table 8 in which the readings made during the first fifteen 
seconds after standing in the alternate lying and standing experiments 
are contrasted with readings made during the same period in the con- 
tinued standing experiment 

In the figures from the continued standing experiment the 
P P X P R product increases from 5,380 after 100 hops to 9,548 
aftei 500 hops The increase after each increment of exercise is, it is 
true, not so uniform as m the experiments in which the lying position 
was maintained, but there is, nevertheless, evidence of a relation between 
the amount of work done and the magnitude of the product But in 
the alternate lying and standing experiment the product at this period 
IS only 3,835 after 100 hops and after 500 hops it is only 4,190, that is 
to say, the product is not only considerably lower throughout, but fails 
to show the increase on additional exercise which occurs in all the other 


experiments 

The correspondence we noted between changes m the P P X P R 
product and known changes m volume flow of blood allow us to inter- 
pret these abnormally low products as indicative of a failure of the 
cardiovascular system to supply the large amount of blood required on 
account of the amount of muscular work performed We may, there- 
fore, conclude that after exercise the sudden assumption of the erect 
position IS associated with a transitory circulatory failure The mecha- 
nism of the inadequate blood supply, however, cannot be deduced from 
the product alone but must be looked for m the pressure and pulse 
rate changes from which the low products are derived Table 8 shows 
that in the alternate lying and standing experiment the pulse rate is 


essentially the samctms m the continued standing experiment, so we 
ma}^ conclude that tlwMurculatory failure is not due to an insufficient 
number of systoles of thexheart After 500 hops when the circulation 
rate is most defective, the j^ffse rate is exactly the same as in the con- 
tinued standing experiment, a^ it is clear that at this aud at all other 
points the product is low became of the low pulse pressure After 
500 hops, for instance, the pulse Wessure is only 34 as against 75 on 
continued standing We may, ther^ore, conclude that the circulatory 
failure is due to an insufficient systouc output at each contraction of 
the heart Figure 7 show^s how great\is the drop m pulse pressure 
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towards the end of the alternate lying and standing experiment and 
also how rapidly the discrepanc}'^ is made good We must, therefore, 
seek an explanation foi an inadequacy in systolic output per beat 
occurring during the first fifteen seconds after the assumption of the 
erect position in normal individuals fatigued b}'- exercise 

Cardiac inhibition will not explain it foi the pulse rate quickens 
It cannot arise from cardiac failure because the output increases again 
almost at once It can then only be due to a temporary decrease in the 
amount of blood flowing back to the heart, and the blood which failed 
to return to the heart must have been held in the capillaries or m the 
veins The low systolic pressure is sufficient evidence that it was not 
in the aiteries But why should a pooling of blood in the capillaries 
or in the veins occur, as Figure 7 shows it does, only when the 
subjects changed from the l 3 nng to the standing position^ A purely 
pnechanical answer would be that in the erect position the blood from 
the greater part Cif the body — the abdomen and limbs — has more 
difficult}’- 111 getting back to the heart because it has to run up hill against 
the force of gravity But the differences shown m Table 8 between 
the alternate lying and standing results and those obtained in the 
continued standing experiment cannot be accounted for in this way, 
because at the period chosen for the comparison the foice of gravity 
was equally operative in both experiments The effect of gravity may, 
nevertheless, be an adequate explanation of the differences m the 
pulse pressure and pulse rate levels in Tables 6 and 7, and m Figures 
3 and 5, as compared with Figures 4 and 6 In these experiments 
the only essential difference in the conditions was that in the lying 
position the force of giavity was in abeyance while in the standing 
position it was at work We may conclude, therefore, that the lower 
pulse pressures and the higher pulse rates observed in the standing 
position are due to the action of gravity, and they may be interpreted 
as indicating smaller systolic outputs at each beat of the heart wth 
a larger number of systoles It is allowable to surmise that this 
result IS brought about by a lowering of pressure m the large veins 
due to a diminution of the force of the stream of blood returning to 
the heart when it has to flow uphill against gravity This decrease 
in venous pressure would be followed by a decrease in the filling 
of the heart during diastole, and so to smaller systolic outputs per 
beat The increased pulse rate is a compensatory process, designed 
to counteract the necessary fall in venous pressure and to prevent 
any deciease in the volume flow of blood 

Another secondary manifestation of the effect of gravity is the 
“delayed rise in systolic pressure” which is seen only in the standing 
experiments (Figs 4 and 6) This is surely mainly an effect of 
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gravity and not as has sometimes been supposed ® a result of cardiac 
weakness Nor is a temporary pooling of blood in the vessels of 
muscles suddenly relaxed by the cessation of exercise — a suggestion 
offered by Cotton, Rapport and Lewis ® — an entirely satisfactory 
explanation, for there is no delay in the systolic rise after exercise in 
the lying experiments m which muscular relaxation must have been 
more complete than m the standing position It may be accounted for 
as the result of a relatively smaller output per beat immediately after 
exercise duC to the combined effect on the venous pressure of gravity 
and a delayed return of blood held in capillaries dilated by the exercise 
As these dilated vessels recover their tone the pressure m the large 
veins rises, the systolic output per beat increases, and thereby the 
delayed rise in systolic pressuie is produced 

But the force of gravity cannot be the only explanation of the 
real though transient circulatory failures shown by the breaks in the 
P P X P R curve in Figure 7, because there is no such failure in the 
continued standing experiments, although the fact that the breaks occur 
only during the first fifteen seconds after the change to the erect posi- 
tion would appear to show that it is one of the determining factors 
But that gravity itself is not enough is indicated in Figure 7 by the 
fact that the product curve is almost smooth after 100 hops It is 
only after 200 hops that a definite break occurs, and as the amount of 
work increases, the breaks become more and more pronounced so that 
the amount of muscular exertion which preceded the standing appears 
to have been a contributing factor in causing the delay in the return 
of blood to the heart It should be remembered that the amount of 
work entailed in these exercises was very considerable, and although 
the subjects chosen were strong and healthy, they showed very evident 
signs of fatigue before the end of each experiment Another proof 
that fatigue is a necessary factor is the absence of any break in the 
P P X P R curve shown m Figure 1 which was obtained from 300 
normal subjects after 100 hops 

Why should a transient decrease in the return of blood to the 
heart occur when normal individuals, who are tired with muscular 
work, stand up^ The phenomenon suggests a temporary failure under 
fatigue of some regulatory mechanism concerned with the adaption 
of the circulation to withstand the force of gravity Krogh’s demon- 
stration of the power for active contraction possessed by capillaries, 
and Hooker’s proof that the capacity of the capillaries and venules 
is controlled through the central nervous system make it seem not 

8 Barringer and Teschner Arch Int Med 16 795 (Dec ) 1915 

9 Cotton Rapport and Lewis Heart 6 269, 1916 

10 Krogh J Physiol 53 399 1920 

11 Hooker Am J Physiol 51 30, 1920 
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unlikely that the blood which failed to return to the heart in our 
experiments may have been held m the capillaiies and venules because 
under the influence of fatigue the central nervous system did not 
induce so quickly as usual the constriction of these vessels which 
would have prevented any pooling of blood within them under the 
influence of gravity 

The cii dilatory abnormalities shown m Figure 7 can be explained 
under the teims of this hypothesis They arise under conditions of 
fatigue fiom muscular exeition as the result of a failuie m the central 
nervous system The failure consists m an inability to produce with 
sufficient promptitude the increase in the tone of the capillaries which 
IS lequired to meet the effect of the force of gravity on the blood 
when the eiect position is suddenly assumed As a consequence the 
capillaries dilate before the strain, the blood is pooled m the tissues, 
there is a marked fall m venous pressure, m diastolic filling of the 
heart, and so m systolic output per beat and m pulse pressure The 
systolic pressure falls because of the relatively small amount of blood 
forced into the aorta The diastolic piessure rises because of the 
increased peripheral resistance caused largely by the banked up blood 
in the tissues The delay m the return of blood to the heart is not 
entirely counteracted by the compensatory increase in pulse rate, and 
the heart for the moment fails to send an adequate supply of blood 
through the aorta to the body These transitory circulatory failures 
are marked by the breaks in the P P X P R curve m Figure 7 

Finally, it may be well to meet an objection which may be raised 
on general grounds The reaction of the cardiovascular system to 
exercise is so smoothly and faultlessly accomplished that it may seem 
improbable that there can be any failure to meet the mechanically much 
smaller strain involved in overcoming the force of gravity But the 
perfection of the adaption to exercise is the fruit of uncounted ages 
of evolution The adaption to the erect position is only recent and is 
not yet complete 

SECTION III 

PRESSURE AND PULSE RATE REACTIONS IN PATIENTS 

1 Ii ritable Heart — The normal standards given m the first section 
of this paper were used m grading the reactions of men suffering 
from the condition known as irritable heart A characteristic type 
of deviation from normality was constantly found But the degree 
of deviation m any given patient varied somewhat from day to day or 
even from hour to hour, and m ordei to dimmish this variability the 
average of five tests on different days was usually taken A large 
number of records were thus obtained from these patients in the 
routine work of attempting to determine their capacity for military 
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Fig 8 — Irritable Heart Patients Average blood pressure and pulse rate 
reactions derived from 580 observations on 156 cases of irritable heart It will 
be noted that the breaks in the P P X P R curve on standing before and after 
exercise are similar to the breaks in the product curve in normal persons after 
tliev are exhausted by exercise (Fig 7), for in both cases these breaks are 
mainly due to a drop in sjstolic pressure Compare with Figure 1 




ADDIS— CIRCULATORY DISABILITY 


263 


service The averages of 580 tests on 156 patients who had been 
classified as belonging to what has been called the constitutional divi- 
sion of the iiritable heart giotip are given in Table 9 and charted in 
Figure 8 

In these patients the basal and daytime levels of pressure and 
pulse late have aheady been shown to coincide faiily closely with the 
noimaP- Yet in spite of this essential noimahty in initial level a 
comparison of Figure 8 Avith the curve of the average normal reactions 
m Figure 1 demonstrates a marked departuie from the normal It 
IS therefoie a latent abnormality which becomes appaient only under 
strain 

Further, it is an abnormality which is revealed only by a specific 
type of circulatory stiaiii, le, the strain involved in the adaption 
required when the erect position is assumed Figuie 8 shows that 
the average leaction to exercise is entirely normal The variability 
IS somewhat greater and m some cases there was what we called 

TABLE 9 — Average Blood Pressure and Pulse Rate Obtained erom 580 
Observations or 156 Patients With Constitutional Neurocirculatory 
Disability 


Time in Seconds 

A , 

0 13 'lO 43 CO 73 90 140 155 170 183 COO 215 2S0 



1 1 

Ljing 

1 1 
Standing 

Hop 

ping 

1 1 

Djing 

1 1 
Standing 

Sjstolic 

131 


129 

113 

135 

131 


158 


152 

121 

142 

140 

Diastolic 

76 


79 

84 

90 

91 


65 


73 

84 

80 

88 

Pulse pressure 

55 


50 

28 

45 

40 


93 


79 

36 

56 

52 

Pulse rate 

85 


82 

107 

96 

95 


116 


99 

123 

■nil 

108 

P P X P B 

4GS0 

■ 

4120 

2990 

4320 

3800 


10788 





5620 


“overaction”, i e , an excessive increase in the P P X P R product 
after exercise, but on the average these patients have an adequate 
and normal response to the strain of exeicise On the other hand, 
the average curves show a pronounced deviation from the normal 
immediately after standing both before and after exercise In some 
individual cases the difference from the normal was slight, m others, 
it was very marked and constant And, m general, there seemed 
to be a fairly close relation between the seventy of the symptoms and 
the degree of difference from the normal 

The nature of the abnormality is clearly shown m Figure 8 After 
standing theie is a break m the P P X P R curve where it is almost 
smooth in normal individuals These breaks are due to a sudden fall 
in pulse pressure and this again is mainly due to a drop m systolic 
pressure If Figure 7 is consulted it will be seen that the abnormality 

12 Addis Arch Int M 29 539 (April) 1922 
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m the patients is in every respect similar to the failure in circulation 
which occurs in normal individuals when they are required to stand 
up after being tired with a considerable amount of muscular work 
The only difference between the patients and the normals consists m 
the fact that this failure appears in the patients before they have 
done any work at all, while in normal individuals some degree of 
exhaustion by muscular exertion is required before any failure can 
be demonstrated 

The cause of this particular form of circulatory failure has already 
been discussed in Section II The conclusion was reached that the 
immediate cause is a failure of the capillaries to affect the adjustment 
of capacity required to counterbalance the force of gravity when the 
vertical position is assumed, and that the primary cause is a failure 
of the complex coordination of impulses which is required of the 
central nervous system This explanation, which is in accordance with 
the facts observed in normal persons, is also m harmony with the signs 
and symptoms observed in the patients As their hands hang down 


TABLE 10 — Blood Pressure and Pulse Rate Reactions in a Patient With 
Hypertension and Symptoms Suggestive of Cardiac Weakness 


j Ljing 

1 1 

1 Standint 

Hopping* 
25 Times 

Lying 

j standing 

Sj'-tolic 

220 

210 1 

215 ' 

205 

210 

1 205 


200 

1 210 

210 

220 

2’0 

2^0 

Kiustollc ' 

loO 

100 1 

150 

150 

155 

1 145 


3S5 

145 

350 

150 

155 

lo5 

PiiNc pit <-«urc 1 

70 

50 

65 ' 

55 

55 

1 60 


65 

65 

60 

70 

65 

65 

Pulse nil 1 

104 

100 

104 

104 

100 



lOS 

104 

104 

108 

100 

92 

P P P R 1 

1 

72gO 

5000 

6700 

o720 

5500 


i 

7020 

1 

6760 

1 

6240 

7500 

6500 

5980 


they are engorged, cyanosed and cold This is the visible evidence 
of the delay and accumulation of blood in their capillaries As they 
rise from the recumbent position, they become dizzy and faint This 
IS eiidence of a failure in the return of blood to the heart and conse- 
quent temporary cerebral anemia Their palpitations, precordial pain, 
and dyspnea, when conditions call for a sudden increase m the volume 
flow of blood, are the result of an inadequate and irregular return 
flow of blood to the heart from their dilated capillary areas And 
there uas ample clinical evidence in these patients of the nervmus 
instability uhicli I believe is at the root of the condition A neuro- 
pathic family history is almost constant in the constitutional type, and 
a great variety of symptoms could be traced ultimately to defective 
nervous control Later as men began to return from France many 
were seen who presented the same symptoms found in the constitu- 
tional type, though in less marked degree They showed the same 
pressure and pulse rate reactions, though the fall in pulse pressure 
on standing was less pronounced Psychic or physical exhaustion 
seemed to be the cause in this group of acquired cases and in them 
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Fig 9 — Cardiac Failure The blood pressure and pulse rate reaction of a 
patient who showed evidence of an early stage of cardiac decompensation 





TABLE 11 — Frequencv Distributions of Pressure and Pulse Rate of 300 

Normal Individuals 



Sj stolic Pres 
surp 
81- 90 
91-100 
101-110 
111-120 
121-180 
I81-I40 
141-150 
151-ieO 
IGl-llO 
iri-180 
181-190 
191-200 
201-210 
211-220 


Diastolic Pres 
sure 

31- 40 i 
41- 50 
51- GO 
Gl- 10 
(I- 80 
81- 90 
91-100 
101-110 
111-120 
121-180 


Pulse Pressure 
11 - 20 
21- 80 
31- 40 
41- 50 
31- CO 
Gl- 70 
71- SO 
81- 90 
91-100 
101-110 
111-120 
121-130 
131-140 
141-150 
151-lGO 


Pulse Rate 
45- 52 

58- 60 
Gl- 68 
69- 76 
73- 84 
81- 92 

59- 100 
97-108 

105-116 

113-124 

121-132 

129-140 

137-148 

145-156 


P P X P R 
1000- 1999 
2000- 2999 
3000- 3999 
4000- 4999 
5000- 5999 
6000- 6999 
7000- 7999 
8000- 8999 
9000- 9999 
10000-10999 
11000-11999 
12000-12999 
13000-13999 
14000-14999 
llOOO-l'.'W 

16000-16999 



6 

6 

18 

17 

19 , 

32 

33 

30 

65 

76 

78 

83 

73 

75 

47 

63 

50 

31 

25 

28 

12 

11 

4 

0 

3 

3 

3 

3 

1 



86 93 

106 101 



5 8 

26 33 



4 2 

18 8 

37 27 

65 I 47 
72 


2 
14 
49 
85 

83 84 

60 39 

26 16 
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the nervous element was strongly marked The condition is also 
common as a temporary sequel to all vaiieties of acute infection, and 
the same type of abnormality m pressure and pulse rate reactions is 
found I believe that the same cause is at work in these three groups 
of cases But we have no satisfactory term to describe the condition 
Irritable heart is unsuitable because the heart itself is not at fault 
Effort syndrome is not entirely satisfactory because muscular effort is 
not essential for the production of the symptoms Neurocirculatory 
asthenia does not quite fit because weakness is no necessary part of 
the picture The term neurocapillary stasis is suggested because it 
calls attention to the mechanism which causes the syndrome 

Caidiac Disabdity — The lecords in cases of compensated valvulai 
defects show no abnormality apart from the well known effects of 
aortic insufficiency on the diastolic pressure In definitely decom- 
pensated cases the test is inapplicable But m a few patients who 
showed evidence of an early stage of decompensation interesting 
records have been obtained In Table 10 and Fig 9 are given the 
pressure and pulse rate of a man, age 44, with chronic diffuse nephritis 
and a moderate degree of impairment of renal function who was 
beginning to complain of dyspnea on exertion and occasionally a 
little edema around the ankles The heart was enlarged but no evidence 
of dilation was found 

The striking point about this record is its uniformity, which results 
from the absence of any appreciable change in pressure and pulse 
rate after exercise This was not due to an insufficient amount of 
exercise The number of hops had to be "restricted because of the 
patient’s dyspnea It suggests, rather, the forced uniformity which 
would result if the heart, before the exercise, were already doing all 
It could It resembles the phenomenon seen m renal decompensation 
where a constant rate of excretion is maintained under conditions 
which induce great variation m normal persons 

SUMMARY 
SECTION I 

1 Blood pressure and pulse rate curves showing the effect of 
exercise and of change of position were obtained from 300 normal 
persons 

2 It was found that the degree of change in pressure and pulse 
rate produced by exercise and change of position is in part dependent 
on the level of pressure and pulse rate existing before the exercise 
or change of position This fact must be taken into account in comput- 
ing standards of normality A separate standard for each initial 
level must be established 
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3 Averages and standard deviations for pressure and pulse rate 
reactions to exercise and change of position are given for a series of 
initial levels 

SECTION II 

1 Blood pressure and pulse rate observations on normal persons 
before and after progressively increasing amounts of muscular work 
were charted as curves and examined with a view to finding whether 
It was possible to derive from them any indication of the regular 
increase in the volume of blood flow which is known to occur after 
each increase in muscular exertion It was found that the systolic 
and diastolic pressure curve showed no constant relation to the work, 
and that the degree of increase in the curves of pulse pressure and pulse 
rate varied not only with the work but also with the position of the body 
The only curves which under all conditions corresponded to changes 
in volume flow of blood were the curves derived from the P P X P R 
product 

2 When normal persons were tired by muscular work, and were 
required to change from the recumbent to the erect position, there 
was an immediate, though transient, decrease m the P P X P R 
product curve The correspondence between changes m volume flow 
of blood and changes in the magnitude of the product, the nature of 
the pressure changes which gave rise to the decrease in the product, 
and recent evidence as to the contractility and innervation of the 
capillaries, are taken as a basis for the hypothesis that the product 
changes indicate a failure of the circulation to meet the effect of the 
force of gravity The circulatory failure is secondary to a failure of 
the central nervous system to produce with sufficient promptitude the 
increased tone of the capillaries and venules which is necessary m 
order to preient an accumulation of blood in the tissues when the 
erect position is assumed 

SECTION III 

1 The t} pe of abnormality in pressure and pulse rate reactions and 
the signs and symptoms found in patients suffering from the irritable 
heart syndrome support the hypothesis that the cause of the condition 
IS a failure of nervous control over the capillaries 

2 It IS suggested that when iveakness of the heart is the primary 
cause of circulatory failure the pressure and pulse rate curves show 
an unusual degree of uniformity m level before and after exercise 
This uniformity results from an absence of the increase in pulse pres- 
sure and pulse rate after exercise which is one of the manifestations 
of that increase in volume floiv of blood ivith which the normal heart 
meets the requirements of muscular exertion 
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INTERPRETATIONS OF TliE INITIAL PHASES OF THE 
ELECTROCARDIOGRAM WITH SPECIAL REFER- 
ENCE TO THE THEORY OF “LIMITED 
POTENTIAL DIFFERENCES” >- 

SIR THOMAS LEWIS, MD, FRCP 

LONDON 

The subject chosen for this lecture is one on which much has been 
wiitten in recent yeais, but upon which there is still no complete con- 
sensus of opinion In a review ^ written about three years ago I 
attempted to explain the constitution of the electrocardiogram on a 
new basis and put forward views of a novel kind These views have 
been accepted by a number of workers, from other woikers they have 
received criticism, publicly or privately expiessed The lack of uniform 
conclusions, I think, results largely from misunderstandings, such mis- 
understandings as may be expected to arise when the subject discussed 
IS not only intiicate but concerned with the ultimate piocesses of 
cellular activity and its manifestations In studying the electrocardiogram 
we attempt to explain its general deflections m lational terms, yet the 
terms which ive are foiced to employ are terms which lefei to intimate 
and intangible effects of cellular physics and chemistiy Although, as 
may be acknowledged at once, I have expeiienced lecuriing difficulty in 
my attempts clearly to conceive the mannei in which the electrical 
events aie related to events m the muscle, yet the conception at which 
I ai rived some few years ago and which is now reconsidered m the 
light of recent discussion and observation has not altered fundamentally, 
though it may, perhaps, have grown a little dealer during the interval 
In attempting a more distinct statement of the case it seems desirable to 
state that while I lefuse to stand committed, once and for all, to these 
views, yet our present knowledge does seem to necessitate movement 
from the older hypotheses m some such direction as will be indicated 
In discussing the question before us one rule stands out as paramount 
m importance , the facts and the hypotheses must be divided from each 

^ Seventh Mellon lecture 

•’'Working on behalf of the British Medical Research Council at University 
College Hospital Medical School, London Delivered befoie the Society for 
Biological Research, School of Medicine, University of Pittsburgh, May 8, 
1922, and before the California Academy of Medicine, San Francisco, 1922 

1 Lewis The Mechanism and Graphic Registration of the Fleart Beat, 
London, 1920 
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other as scriipuloitsl} as possible Hypothesis cannot be avoided, per- 
haps never will be avoided, in a full consideration of our problem, and 
It would be presumptuous if my views were brought before you as 
Mews approaching to a final solution Nevertheless, by carefully weigh- 
ing our present knowledge, certain final statements may be made, certain 
statements may be denied and we can bring oui conceptions a step 



Fig 1— Diagrams, illustrating the potential differences in simple muscle 
strips activated at one end 

nearer clarity and truth Of one thing I feel sure, namely, that a close 
consideration of the v lews expressed, and further observations tending 
either to support or to destroy them, will prove fruitful 

In considering the meaning of the electrocardiogram, we have all 
started from a common basis By common consent, if you place two 
leadmg-off electrodes direct!} on the two ends of a narrow strip of 










LEWIS— ELECTROCARDIOGRA M 


271 


niiinjuied muscle (Fig 1 A) and now stimulate the muscle to contract 
in the region of one contact, the galvanometei shows the development 
of a difference in potential between the two contacts, that which lies 
at the point stimulated (Z) becoming negative relative to its fellow (C) 
The galvanometer shows us that an electromotive force is developed 
between these two points , current flows from one to the other through 
the muscle and through the gah^anometei This experiment, easily 
performed, has been carried out by very numerous observers with 
uniform results, the same event is witnessed whether voluntaiy or 
cardiac muscle is used, but it is the last only which I shall ask you to 
hold 111 mind during this lecture, for it is on cardiac muscle alone that 1 
feel competent to speak, and in lespect of which alone I shall draw my 
conclusions It is on this experiment that the conclusion, which we 
ha\e all accepted, is based, namely, that caidiac muscle entering the 
active state shows lelative negativity to muscle which is inactive But 
although this obseivation is easy to confirm, and although the con- 
clusion deiived fiom it does not seem open to question, I believe that it 
often gi\es use to misconception when the meaning of the electro- 
caidiogram is considered in the light of it 

The way in which the chief misconceptions arise I will endeavoi 
to explain ultimately Meanwhile, it should be remarked that in the 
simple experiment described the electrodes aie placed against very small 
areas of the muscle strip, this method of leading chiefly signals the 
events which occur at the ends of the muscle, lathei than the events in 
its whole length Further, it is to be noted that when a difference of 
potential arises between the two ends as a result of activity of one end, 
the current flow is necessarily confined to the line of the muscle, for 
the muscle is isolated The line of the muscle represents the line of 
the electrical axis, oi the line of maximal potential difference 

Let us now take a second example (Fig IB), one which, in the 
simple form illustrated, is theoretical, but one which would be more 
comparable to the experiment of electrocardiography Imagine a strip 
of caidiac muscle completely embedded m a moist conducting sub- 
stance, and that our contacts are placed, not immediately on the ends 
of the strip, but on the substance in which the muscle lies embedded 
So they he in human electrocardiography If now the muscle end 1 
becomes active, the galvanometer will again record current flow The 
muscle end 1 we know becomes relatively negative to the muscle end 3 , 
the contacts Z and C will no doubt reflect this change If you wish 
to do so you may regaid the contacts as prolonged through the medium 
111 which the muscle is embedded, to the nearest points of the muscle, 
I c, to the original ends 1 and 3 There is this contact, but it is not 
the sole contact, for our electrodes are now connected, not only to 
the ends of the muscle, but to its whole surface This difference 
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between the two methods of leading oft should not influence the direction 
of the first potential difference exhibited by contact C and Z, when, as 
in our illustration, we are dealing with a straight and narrow stiip of 
muscle lying in one line between the contacts , but as we shall see, it 
becomes of consequence when the relation of muscle to contacts is 
altered A second difference between the two methods of leading off is 
also to be noted When, in the last experiment, the muscle is embedded 
in a conducting substance, the cut rent flows not only through the muscle 
and galvanometer , it flows through the surrounding medium In other 
V ords, we have introduced a series of shunts along the borders of the 
muscle and these decrease the amount of current flowing through the 
galvanometer While we may expect the movement of the galvano- 
metiic lecorder to maintain its original direction (contact Z showing 
lelative negativity to contact C), we may not expect its movement to be 
so considerable 

I emphasize the fact that the compaiison made is between an actual 
experiment (Fig 1 A) and a theoretical experiment (Fig 1 B) The 
actual events in the second experiment (Fig IB) have, I think, not been 
lecorded, though there is sufficient evidence based on observation of a 
less direct kind to convince us that the curves obtained in the first and 
second experiment will ha\e the same general form m their initial phase 
That there will be this smilanty is, I think, generally recognized , it is 
not a matter in dispute But this conception is apt to lead up to a 
second, namely, that curves taken by the two methods are built up in 
identical fashions and that the two methods of leading will in all 
circumstances yield similar results They may do so when a simple and 
nairow strip of muscle is placed in line with the leading off contacts, 
but they do not I believe, in all circumstances Suppose that the 
unembedded muscle is bent on itself at one end and that the contacts are 
placed at 2 and 3 (Fig 1C) Again, there will be agreement as to the 
effect produced Soon after 1 is stimulated, a current will flow through 
the galvanometer in the original direction, indicating that contact Z 
has become relatnely negative to C This change is set up when the 
muscle on which contact Z lies becomes active It is not produced by 
actn it} of the muscle strip between 1 and 2 , activity in this portion of 
the muscle has no material effect since the free end 1 is not connected 
to the leading oft contact C This illustration serves to emphasize 
tlie fact that nhen contacts aie placed directly on the muscle, that it is 
an e\cnt occurring in the muscle immediately under the proximal con- 
tact \\ Inch is responsible for the first swing of the recording instrument 

A\ e come next to the fourth and crucial example, the muscle bent on 
Itself and embedded (Fig 1 D) In these circumstances how will the 
current first flow ^ I have asked this question of many physiologists 
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(lining tlie past six yeais, and have obtained .dmost alw.iys the icjdy 
that the dnection of tin lent How ivill l)c the same as in the last example 
It IS said that 1 will betome negative lelative to 3, and that conse- 
qncnlly Z will show negativity lelalive to C Now, this icply is an 
.issnmjition ultimately based on the belief that the two methods of lead- 
ing oti aic sufficiently simil.ii , actually the exjieiiment has not been 
pcifoimed m this siinjilc foim b'oi a long while 1 have felt unable to 
accept this view of what will h.ijijien 'riie view is inconsistent with 
(Cl tain ex])ciiments which will be desciibed piescntly The view which 
1 put foiw.iid IS that i dative negativity will fiist develop ,it contact C. 
and It will develoj) at C bec.inse, when 1 becomes active, we aic Ic.ulmg 
oft fiom the embedded stiiji of muscle 1 to 2. and tbe lemaindci of the 
stiip 2 to 3 does not foi the moment concern ns It does conccin ns 
of coiiise when the excitation wave in tiaveling along the stii]) moves 
into the legion between 2 and 3, when the wave m tiaveling has tinned 
the coinei, Z will become lelative to C, the flow of cm lent becoming 
111 consequence levcised But foi the moment we shall do well to 
concentiate .ittention on the fust phase of the le.iction, foi this is m 
dispute 

The st.itement just m.ule in lespect of the fust jihase, bungs ns 
] think to the tiitical .iignmcnts of the discussion, namely, does the 
piolongation of the stiip fiom 2 to 3 etlect the leaction shown by the 
galvanometei when 1 becomes <ittive fl'he usual view has been th.it it 
will My own view is th<it it does not 

Yon m.iy ask, why the ,ictn«il exjieiiment is not ])eifoimed7 The 
lejily IS that it c.innot be earned out in so simjile a f.ishion on caidiac 
muscle which is iimnjnied, and th.it if yon use mjnied muscle, yoni 
exiieiiment is o])en, on theoietic gionnds, to seiions ciiticism But, as 
1 hojie kitei to show, the expeiimenl can be jieifoimed nndei somewhat 
moie complex conditions, and th.it it yields the lesnlts which 1 .inticqiate 

The .iignment tin ns as st.ited on the influence oi nonmflnence of the 
poition of muscle 2 to 3, on the miti.il electiic.il le.iclion Accoidmg to 
one view, that which seems so f.ii to have obt, lined the gie.itei nnmbei 
of dnect oi indiiect siqipoi tei s, yon aie to lonsidei 1 .is i datively 
neg.itive, and to considei the whole of the lem.undei of the muscle 
.IS lelatively jiositive This view implies that m dot ei mining the diicc- 
tion of flow, yon aie to join the centei of the .ictive mass of muscle to 
the centei of the in.ictive in.iss Accoidmg to the othei view, yon .iie 
to considei the jiait of the muscle which is becoming .ictive as id.itively 
negative, .ind the inactive muscle in union with it and m its immedi.ite 
vicinity as lelatively positive 1 put foi waul this second view because 
it IS consistent with .ind exjilams my expeiiments and because so f.ii as 
f am awaie it is inconsistent with no othei expeiiment.il f.icts , the 
fiist view, though it is admittedly consistent with m.iny expeiiments, is 
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not consistent with all For the sake of brevity we ma} term the first 
hypothesis that of “distributed potential differences,” the second that of 
“limited potential differences ” 

At this point it may, perhaps, be appropriate to allude to my previous 
review You will perceive that, if the hypothesis of limited potential 
differences is correct, the direction m which the current sets m the 
muscle will be the direction m which the excitation wave is at that 
moment traveling, for it will always move from the point which is 
becoming active to inactive muscle in the immediate vicinity of the 
latter This association, which I believe to be an absolutely constant 
one,' is one on which I have laid stress, in doing so I ha\e tended to 
imply that the first is dependent on the second Such has not been my 
meaning though it has been inf ei red from what has been, perhaps, an 
unfortunate phraseology, and this inference is perhaps chiefly respon- 
sible for misconception of my hypothesis To state that the direction 
which the excitation wave takes in traveling governs the form of the 
corresponding curve,'* cannot be considered fundamentally sound 

A more correct expression would be that both are governed by one 
series of events in the muscle, and in consequence are definitely asso- 
ciated It has been a matter of descriptive convenience to associate these 
two phenomena direction of movement and direction of current flow 
But because the meaning may be inferred that one is responsible for 
the other, I shall endeavor to avoid this method of description in my 
subsequent remarks 

Returning to the question at issue, namely, the influence of outlying 
muscle on the electrical reaction, let us considei the case of two entirely 
separate masses of muscle (Fig 1 E) Under this arrangement, if 1 
becomes active, the contacts at C will become negatn e to the contact Z 
Here no one argues that the presence of the inactive muscle strip 2 to 
3 will influence the result, it becomes part of the moist substance in 
which the strip 1 and 2 is embedded To illustrate this statement, take 
the example of complete heart block When the auriculoventnctilai 
bundle is divided experimentally or by disease, the electrocardiogram 
records the independent activities of auricle and ventricle Each cham- 
ber gives Its separate curve, but the cuives of one and the other fall in 

2 I ^\ould here express the view that, unless the conditions are very simple, 
the direction in which the current is setting in a muscle strip as a whole is not 
to be ascertained with certainty from an examination of two small points of 
contact on its surface (as m Fig lA) , but in my view it can be ascertained by 
the method of leading which Fig IB illustrates When I say that the asso- 
ciation between the set of current and direction of travel is constant, I wish 
to refer to direction of current as ascertained b}' the method of indirect leading 
(method of Fig IB) and b\ this method oiil) 

3 The phrase actually used in “The Mechanism and Graphic Registration 
of the Heart Beat,” London 1920 
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vai5Mng lelationship to each othei It is quite cleai fiom such lecouls 
that activity oi inactivity, partial oi complete, in one chambei has no 
influence on the shape oi amplitudes of the electrical cunents derived 
fiom the othei (Fig 2) Pioviding that we aie dealing with separate 
masses of heait muscle, the electromotive foices set up m one chambei 
are not influenced by those set up in the othei The foices developed 
m the two chambers find full and individual expiession, in explaining 
such cuives we do not balance activity in one chambei against inactivity 
in the othei 

In regal d, theiefore, to the illustration (Fig IE) we aie safe m 
assuming that the activation of stiip 1 to 2 at point 1 will yield an 
electromotive foice having a certain diiection and amplitude, indepen- 
dently of what IS happening in the stiip 2 to 3 Flow does this ariange- 
ment of the muscle fibeis differ fiom that illustrated by Figure ID 



Fig 2 ElectrocarcliograiTis from a case of complete heart block, and taken 
b\ means of Leads I, II and III 


In one respect only, m the fiist illustiation theie is functional union 
between the two strips at the point 2 If 1 is stimulated to activity in 
these two sets of ciicumstances, will the initial lesultant swings of the 
galvanometer be in opposite dii ections , will they indicate relative nega- 
tivity at Z in one case and at C in the other ^ According to the hypothe- 
sis of distributed potentials this will happen But in both instances, 
when 1 becomes active, the stiip 2 to 3 is recognized to be in a state 
of inactivity The distiibution of potentials is the same in both, 
unless we aie to assume that when the two strips are pait of one undi- 
vided piece of muscle, an active change happens in stiip 2 to 3, render- 
ing it relatively more positive to 1 In other woids, if we are to accept 
the hypothesis of distiibuted potentials, it is essential to assume that, 
fiom its initiation, active change produced by stimulation does not 
confine itself to that end of the muscle which is stimulated I know of 
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DiaTRiQurep potentials 
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Fig 3 A. and B — When the heart is stimulated at its epicardial surface (Fig 
3B), contacts placed in line with the point stimulated show first of all an elec- 
trical relation uhich is indicated b\ the large + and — signs This reaction of the 
contacts is explained alternatively bv the hypotheses of distributed and limited 
potcntnl differences (see small + and — signs of the diagram) In this example 
the distribution of potentials in the muscle and under the contacts is consistent 
irrespectue of the Inpothesis chosen A, C and D The heart is stimulated at 
Its endocardial surface and the potential difference recorded by the contacts 
IS at first in one direction (phase 1) and later becomes reversed (phase 2) 
The supposed potential differences in the muscle, during the second phase, are 
consistent u ith n hat is found at the contact points, irrespective of the hypothesis 
adopted, but this is not so for the first phase in this the hypothesis of limited 
potential differences is alone consistent with observation 
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no evidence in favor of such a diffused effect, on the contiai}, the 
argument based on the fact that in one instance we. are dealing with a 
single piece of muscle and in the other case with separate pieces of 
muscle, though plausible, can be shown to be unsound The expenment 
of the bent piece of muscle can be performed on uninjured heart muscle 
It IS accomplished as follows Leading off contacts aie placed on a dog's 
chest wall (Fig 3A), the one on the right side, the othei on the left, 
and the right ventricle is stimulated first on its epicardial surface at 2, 
and secondly on its endocardial surface at 1. the points stimulated 
being 111 the same line as the leading off contacts It will be obvious 
that, when we stimulate at 2, the excitation wave will move in a geneial 
diiection in the body from right to left across the heart (from 2 toward 
3) It will be equally obvious that if we stimulate at 1 the excitation 
will at first move in a general direction from 1 toward 2, and that a 
little later the general course from 2 toward 3 will be pursued In the 



Fig 4 An example of the findings of four distinct experiments The lead 
was from the right chest wall (Z contact) to the left chest wall (C contact) and 
the wall of the right ventricle was stimulated on its epicardial surface (right 
hand record), and on its endocardial surface (left hand record) In the last 
case a small pair of long insulated electrodes was introduced through a small 
slit in the wall of the conus or through the jugular vein The two points of 
stimulation (inside and outside) lay no more than 0 5 cm from each other 
The curves differ in one respect, the left hand curve begins wnth an initial 
phase 1 directed dowmward, in the right hand curve this phase is directed 
uptvard These initial phases of the curves correspond to involvement of the 
w'all at the point stimulated (the iniohement being in opposite directions in 
the twm circumstances) The mam deflection m is similar in both curves , it 
represents spread from light to left in the ventricles as a whole Curves of 
this kind are obtained most successfully if the lungs are well inflated so that 
good contact is maintained between the sides of the heart and the chest wall 
The curves represent responses to rhj'thmic break shocks (single shocks gne 
similar effects) The stimulus is recorded electricallv in the ton line The curves 
are not distorted by the stimuli, as the time relations of stimulus and shock 
shows reversal of the direction in w^hich the stimulus entered the heart did not 
affect the form of the cunes 
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first case the general direction in the body will be from right to left 
throughout the whole excitation of the ventricle, in the second case, 
It will be for a brief peiiod from left to right, and eventually from 
right to left The experiment affords the general condition illustrated by 
the straight and bent muscle strips of Figure IB and D The result 
of this experiment is instructive Stimulate the epicardial surface and, 
from the first, contact Z is negative to contact C This finding is con- 
sistent with both hypotheses, the potentials being distributed as shown 
in Figure 3 B and in Figure 4 Stimulate the endocardial surface 
(Fig 3 C and D) and the curve has two opposite phases, a short first 
phase during which contact C is negative to contact Z^ and a longer sec- 
ond phase during which contact Z is negative to contact C (Fig 4) 
This finding is consistent with one of our hypothesis only, namely, 
that of limited potential ditferences The association between the set 
of the current and the direction m which the excitation wave moves 
will be noted in this illustration It constitutes a single and new illustra- 
tion of an association which I believe to be firmly established and of 
M Inch numei ous examples have already been published ° It was because 
I found this association constantly to exist in the normal heart beat of 
amphibians, reptiles, birds and mammalia, classes in which the spread 
ot the excitation wave is very diverse, that I first recognized the 
Inpothesis of distributed potentials to be untenable, for it is incon- 
sistent with this association, as the diagrams clearly show (Figs 3 
C and D) 

It may suffice at the present time if a few of the simpler illustrations 
are cited The first of these permits the display of some important 
lallacies It is the instance of the normal amphibian heart beat The 
amphibian heart (Fig 5) comprises not only sinus, auricle and ventricle, 
but also a bulbus arteriosus It is on hearts of this or of a closely allied 
type that almost the whole of the preliminary explanations of the 
electrocardiogram have been based , and it is with the mistaken inter- 
liretation of these cun'es, and the hypotheses derived from them, that 
we have today chiefly to contend In this early work the heart was 
examined by placing on the base and apex of the ventricle two contacts 
and connecting them to a galvanometei Because m such curves as w^ere 
regarded to be typical, the first deflection indicated relative negativity of 
tlie base it w^as concluded that the base first becomes active, it was 
further concluded that the excitation rvave spreads as a simple wave 
from base to apex Now', further and closer observation by modern 

4 In stimulating the epicardial surface the curve is not usually expressed 
as a single phase It rises a little, hangs or falls aivay as the endocardial lining 
IS approached, and then rises steeply to } leld the chief deflection which repre- 
sents rapid iinohement of a large mass of the \entricular substance 

5 Phil Tr Ro\, Soc, B 207 221, 1916 
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methods has shown that the first of these conclusions is usually incor- 
rect, and that the last conclusion is never true These early observations 
on the cold-blooded heart and the conclusions derived from them are 
open to serious criticism The direction of the first deflection does not, 
in point of fact, always indicate primary negativity of the base The 
direction depends largely in a gnen animal on the point chosen at the 
base for examination , there is also much vanation from animal to ani- 
mal Later observations have shown that sometimes a basal point is 
active before the apex, sometimes it becomes active after the apex 
(Fig 5) , sometimes certain points at the base are activated before, and 
certain points after, the apex In all cases the base and apex are acti- 
\ated within a very short time interval of each other The excitation 
hist reaches the surface of the heart at neither base noi apex it reaches 




Fig 5 — Outline diagrams of the hearts of Bufo vnlyans majoi , showing 
a number of surface readings expressed {in decimal points of a second) 
to the beginning of R in an axial lead Toad A, an unpublished figure, 
showing that the base is activated earlier than the apex Toad E (after the 
original figure) showing that the apex is activated earlier than the base In 
both cases the central region of the ventral surface is activated earliest of all 
In the axial electrocardiogram of each animal the chief deflection was an 
upright R, in the case of toad E, the electrocardiogram also showed a prominent 
S wmve 

the cential portions of the ventricle (Figs 5 and 6 A) and races 
simultaneously up to the base and down to the apex, the race may be 
won m one other direction , usually it is won at the apex It is eas^ to 
understand why these base-apex curves of early days often seemed to 
indicate primary negativity of the base The extreme base does become 
active a little before the apex in some amphibian hearts, though that 
IS not the lule If the extreme apex is chosen for one contact, and a 
point somewhat removed from the base is chosen for the second and 
this would be the natural tendency “ of experiment, prnnar} negativit) 

6 The tendency being to allow an intenal of lesser or greater extent between 
the contact and the A-V junction 
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of the base \\oiikl usually be manifested, for the reason that a point 
a little removed from the base is usually activated earlier than a point 
at the extreme apex The precise time relations of basal and apical 
actiMty being unknown beforehand, this observation would naturally 
be construed as indicating that the excitation waie starts at the base 
From tins conclusion, false as it was, it was an easy step to the still very 
preialent general erroneous assumption that when, as is the rule, the 
basal contact of an indirect lead (method of Fig 1 B) first demon- 
strates negatiMty, activity is confined to muscle which lies nearer to 
this basal contact than to the apical one Thus, in human electro- 
cardiography it has frequently been assumed that R, the chief deflection, 
IS essentially a basal effect and that 5“ is essentially an apical effect , for 
R represents relative negativity of the basal and S of the apical contact 
Neither conclusion is justified 

These assumptions, erroneous as I believe them to be, arise chiefly 
from the idea that if muscle at the base is active, the basal contact will 
shoiv relative negativity and, conversely, that if the apex is active, the 
apical contact will show relative negativity These are views based on 
the hypothesis of distributed potentials A primary basal activity may 
display Itself m relative negativity of the apical contact as the experi- 
ment illustrated in Figure 3 A clearly indicates The erroneous assump- 
tions also arise, in part, because the base-apex curve of the amphibian, 
where contacts are laid directly on the heart, has been assumed too 
rigidly to be comparable with the curves from outlying contacts such 
as are used in clinical electrocardiography The difference between the 
two methods is that m the first the curve chiefly expresses the potential 
difteiences between two small areas, one at the base and one rt the 
apex , wdnle m the clinical method the lead (when axial) is from the 
■whole of the basal and the wdiole of the apical parts of the heart , the 
clinical curies express the electrical changes m the entire mass of 
cardiac muscle , the direct leads do not The two methods are strictly 
speaking incomparable (compaie Figs 1C and D from this point of 
view') 

The axial electrocardiogram of the amphibian heart (Fig 7), in 
so far as it expresses spread of the excitation wave, consists of the 
follow mg deflections 

1 A chief and primarj' deflection (i?) indicating relative negativity 
of the contact be}ond the base 

2 An inconstant second deflection (N) indicating relative negativ- 
it} of the contact beyond the apex 

3 A deflection (B), occurring at a late phase of the electro- 
cardiogram corresponding to activation of the bulbus arteriosus, and 
indicating relatn e negativity of the apical contact 
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Let us deal briefly with the last deflection first This bulhus deflec- 
tion IS due to the activity of muscle lying at the base of the \entiicle. 
yet its direction indicates relative negatn ity of the apical contact This 
observation cleaily warns us against lightly concluding that relative 




Fig 6 — Course of excitation \\a\e in actuation of ventricle 


negatiMty at the apical contact necessarity means activity of the muscle 
lying nearer to the base than the apex of the ventricle The direction of 
this deflection is what it is, because the excitation wave begins m the 
lower part of the bulhus (i e , toward the apical contact) and the inac- 
tive muscle m its vicinity lies abo\e it (i e , toward the basal contact) 
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The position of the bulbus, lelatne to the rest of the ventricular muscle 
with which It IS in functional union ‘ does not affect the direction of the 
deflection 

Consider now the initial deflection {R) or deflections {R and S) 
The meaning of R according to my hypothesis is not obscure It is 
due to set of the current in the axis of the heart, i e from above down- 
ward, over the greater part of that phase of the cyc’e during which the 
ventricle is becoming activated The ventricle is activated m the gross 
from above downward The excitation wave starts in the muscular 
funnel and trabeculae wuthm the heart (Fig 6A) and is at first prop- 
agated wholly in a downward direction Actually the greater part 
or entire upstroke of R is Avritten before the excitation wave appears 
at any point on the surface of the ventricle To regard R as an evi- 
dence of general basal activity is obviously inconsistent with this obser- 
vation, R corresponds to the activity of muscle lying deep inside the 



Fig 7 — An electrocardiogram taken from a toad’s heart, leading from the 
mouth and abdomen in the axis of the heart The deflection produced by activitj 
of the bulbus arteriosus (5) is directed downward 

central portions of the heart The hypothesis of limited potential differ- 
ences applied to the amphibian ventricles provides us with a clear con- 
ception of the electrical events, a conception which is consistent ivith 
the manner m cvhich the excitation wave has been shown to spread 
During the early phases of i?’s inscription the muscle is becoming active 
m the central trabeculae, this region is relatively negative, the relatively 
positive region lies apexw^ards and in its immedate vicinity (Fig 6B 
1st phase) As the excitation wave proceeds dowmward, the advancing 
border spreads laterally, but the balance of the potential differences 
manifests itself still m the same direction (Fig 6B midphase) In its 

7 Tlie reply which has been made, that there is a natural line of block 
between the two chambers, does not appear to me relevant They are united func- 
tionailj b\ muscle fibers, the region of block being simply a region of slow propa- 
gation, if It IS held that this region of slow propagation constitutes a line of 
complete separation from the standpoint under consideration, the burden of 
proung this lies with those who hold the Mew 
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furtliei piogiess the advancing boidei of the wave is not only proceed- 
ing toward the apex, but is now also traveling back m the lateral walls 
to reach the base (Fig 6B end-phase left-hand figme) Activity in 
the region of the apex still tends to maintain the electnc axis 
from base to apex , the basal activity tends to set it m a contrary direc- 
tion But the efiect of this basal activity is apparently insufficient 
to upset the average direction, which still remains from base to <ipex 
The basal contact is throughout i datively negative to the apical contact 
If, howevei, as often happens in the amphibian heart, the basal seg- 
ments of muscle are the last supplied, this opposition of the apical 
ellects IS lemoved and the effect of basal activity then appears It 
manifests itself m the foim of an S wave, a downwaid deflection 
indicating relative negativity of the apical contact The axis of the 
electiomotive foice is now from below upwaid (Fig 6B end phase, 
light-hand figure) 



Fig 8 — Times of ai rival of excitation wave relative to each other indicated 
in decimal points of a second 

Thus, otii hypothesis bungs us to a reasonable explanation of a 
cuiious but actual obseivation, namely, that the appearance of an 5 
\\a^e in the electrocardiogram of amphibians is associated with late 
ai rival of the excitation wave at the ventiiculai base No othei present 
day hypothesis will afford an explanation of this phenomenon This 
example is in my view precisely comparable to that of the bulbus 
already cited In both instances basal activities are responsible foi 
1 dative negativity of the apical contact, but the piesent illusliation has 
an advantage ovei the first, in that theie can be no ciuestion here of 
separate muscle systems, the whole of the musculature of the ventiicle 
IS one uniform syncytium 

Tin: MAMMALIAN EIXCrROCARDIOGRAM 

Similar methods of obseivation are applied to the mammalian ven- 
tricle and, although in this instance we deal with a far more complex 
aiiangement, similai correlations can be shown to exist between the 
manner in which the excitation wave spieads and the set of the elec- 
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triCcil cixis from instcint to inst&nt To consider the constitution of tins 
electrocardiogram in full detail would detain us too long, it must suffice 
if by a single example I illustrate again the general principle of inter- 
pretation, and show that the hypothesis of limited potential differences 
IS applicable in this case also Let us take the simpler case, the 
excitation of the dog’s left ventricle 

The excitation wave is found by observation to start in the septum 
of the ventricles , it is traced down the septum to the apex and from the 
latter up the lateral wall to the base The times of arrival, relative to 
each other, are indicated m Figure 8 in decimal points of a second 
But in moving along this semicircular path the wave does not proceed 
m a direction parallel to the borders of the muscular track, it is pene- 
1 rating the wall in successive segments of its course, it moves always 
from within outward along centrifugal paths, each part of the wave 
travels from the endocardial to the pericardial surface Throughout its 
passage, the electrical axis constantly changes so that, while in the 
initial stages this axis sits from left to right m the body, it gradually 
shifts to a base-apex direction, from this it swings more and more to 
the left until, eventually, and rvhen the excitation wave is reach- 
ing the base of the left ventricle, the electrical axis is directed 
chiefly upward This change in the direction of the axis is 
responsible for the complexity of the corresponding electrocardio- 
graphic curves When the set of the axis is in the main down- 
ward, a basal contact (right shoulder) is relatively negative to an 
apical contact (left thigh) , the corresponding upstroke in the electro- 
cardiogram contributes to the formation of the well-known deflection 
R On the contrary, wdien the set of the axis is mainly upward, the 
apical contact becomes relatively negative to the basal contact and the 
corresponding dorvnstroke in the electrocardiogram is the chief constit- 
uent of the rvell known deflection 5" As in the amphibian heart, ,5" does 
not represent an apical activity, it represents a basal activity Now this 
example, though complex, is a striking one There is, within the 
reasonable bounds of error in observation, complete correspondence 
beFveen the readings rvhich indicate the distribution of the advancing 
excitation wave and the set of the electrical axis at corresponding 
phases of the cycle, wLen the set of this axis is read in terms of my 
hypothesis of limited potential differences These observations are in 
full accord wnth our knowdedge of the anatomy of the ventricle, in 
accord wnth a distribution of the excitation wave through the left divi- 
sion of the auriculoventricular bundle and its arborization, for the left 
division enters the rentncle on its septal surface and distributes its 
branches to the septum, to the apical parts of the heart and to the 
lateral w'alls of the heart and to the lateral w^alls at the base, in this 
order Consider the ascertained order of spread and arrange theoreti- 
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cally the electrical axis, using the hypothesis of distributed potential 
differences, and one arrives at a lesult which is not consistent with 
observation According to this hypothesis, lelative negativity should 
appear, first of all, at the basal contact, secondly when the wave of 
excitation reaches the apex, the apical contact should appeal relatively 
negative, finally when the wave leturns to the base, the basal contact 
should again show lelative negativity The second and last suppositions 
aie not in accord with the facts But if, on the other hand, one 
ai ranges the potentials theoietically, using the hypothesis of limited 
potential differences, haimony exists 

In the light of these observations and in the light of those pieviously 
desciibed, I ha-ve no hesitation in discarding the older hypothesis and m 
accepting in its place the hypothesis which I term that of limited 
potential differences It is in accoid, so far as can be seen, with all 
present observations on heart muscle I do not claim that it afloids 
a final explanation, being quite piepared to find that futuie obseivations 
will necessitate its modification, but it is desiiable, nay it is essential, 
that we should possess ourselves of an hypothesis which harmonizes 
with all present day observation, an hypothesis which will serve to 
direct further experiment along fiuitful channels Hypotheses which 
aie out of harmony with present observations will not serve this pur- 
pose The piesent hypothesis has been put forward and is now empha- 
sized 111 the belief that it will supply our present and immediate needs 
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INTRODUCTION 

Cases of Hodgkin’s disease, involving the stomach or wall of the 
gut, while rare have been reported by various observers (Briquet,^ 
Musser,' Wells® and Reiman^) The case reported by Briquet is 
of interest because it was the first of this type on record, and is accepted 
now as a case of Hodgkin’s disease Apparently in none of the cases 
referred to was there a perforation of the intestine 

Our patient was a young woman observed and treated with roentgen 
rays for six and a half years Microscopic examinations were made 
befoie treatment was instituted, and, again, at the post mortem 

The course of the disease, type of temperature ("Ruckfall”), blood 
findings and many of the physical signs and symptoms are similar 
to those frequently noted in this disease The case is thought to be 
of interest for the following reasons 

1 Length of tune the patient was observed and treated with the 
loentgen lay 

2 Apparent effect of the loentgen ray on the clinical course and 
patholog}^ of the glands 

3 Type of temperature both early and late in the disease 

4 Termination due to perforation of the intestine 

REPORT OF CASE ® 

Cluneal Ilistojy — F M (history No 42181), white woman, aged 22 single, 
clerk, A\as first admitted to the Presbyterian Hospital m March, 1914 

Chief Complaint — Pam in abdomen and weakness 

Familv Histoiy — Negative 

Past KiVmy— Swelling of legs was treated by injections (?) three jears ago 
She had had frequent attacks of tonsillitis Her menses were irregular, the 
last period, one month ago 

Picscnt Ilhias—'iSme weeks ago she first noticed a tired feeling, insomnia 
and anorexia For the past two weeks, she has had a burning pam in the left 

*From the Medical Clinic and Pathological Department of the Presby- 
terian Hospital Columbia Universitj 

1 Briquet Crmeilhier’s Atlas 2 Pt 34, 1835-1842 

2 Musser, J H Tr Assn Am Phys 16 638, 1901 

3 Wells, Gideon H Am T M Sc 128 837 1904 

4 Reiman, S P Cleveland M J 15 94, 1917 

5 Tins case is one of those referred to by Longcope and McAlpin in their 
article on Hodgkin’s disease m Oxford Medicine 
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side, radiating to her back This pain has no relation to meals, but is worse at 
night There is no vomiting, epistaxis or swelling of legs She has lost 15 
pounds in weight Five days ago her temperature was 103 F 

Physical Examination — The patient is a pale thin woman The tonsils are 
ragged The lungs are clear The heart is negative, except for a soft blow- 
ing systolic murmur over the pulmonic area, which is not transmitted 

Abdomen There is some tenderness on deep pressure one inch to the left 
of the midline and two inches below the umbilicus There is no iigidity no 
masses or signs of fluid The liver and spleen are not palpable Reflexes 
Corneal, absent Others normal 



Gastric analysis on two occasions showed a low total acidity . no free hydro- 
chloric acid, no lactic acid, a faint trace of blood The blood Wassermann 
and the Pirquet test were negative Tuberculin and mtradermic tuberculin tests 
were negative Urine Negative, except for occasional trace of albumin, 
no casts 

Clinical Coiuse — Twenty days after admission, a hard, irregular, freely 
movable mass was felt in the right lower quadrant It was not tender and there 
was no rigidity Percussion over the mass elicited tympanites Roentgen-ra> 
examination of the abdomen was negative for glands 

Roentgen-ray examination of chest Throughout the right lung and at apex 
of the left lung are shadows suggestive of tuberculosis 
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The abdominal mass gradually increased m size, and April 18 an explora- 
tory laparotomy was done There were numerous enlarged glands in the 
mesentery of the hollow viscera Some of these measured at least 5 cm in 
diameter There were three mam masses rather loosely connected and more 
or less distinct from each other These were in the mesentery of the ileum 
and jejunum The lowest was in the ileocecal angle The next one lay about 
over the vertebral column, while the third was well up near the duodenojejunal 
angle There were numerous discrete glands beneath and behind the cecum, 
small nodules, 0 5 cm in diameter, were also scattered in the mesentery These 
appeared to be jellowish in color and cheesy 

Pathologic Repoit (15593) —Mesenteric gland Gross Nothing character- 
istic was noted Microscopic Capsule thick and fibrous Major part of mass 
consists of lymphoid tissue Stroma is a fine reticulum Scattered througii 
this are small round cells and eosinophils, also many cells of the Dorothy 
Reed type Evidently, this is a case of Hodgkin’s disease, fairly well advanced 
(Fig 1) 

The wound liealed promptlj^ Later thrombosis of the left internal saphe- 
nous vein developed Pam m the lumbar region was relieved by morphin and 
paraldehyd The temperature which had been 101 and 102 8 F , gradually came 
down She gamed 9 pounds m weight The mass m the abdomen remained 
the same No superficial glands were ever palpable The heart and lungs 
were as at the previous examination Blood pressure was 100/64 and 90/80 
Discharged, Tune 19, 1914 

Interval Histoiy — She was admitted to the General Memorial Hospital, 
Julj 7, and discharged July 10, 1914 There was tenderness in the epigastrium 
A few nodules, size of a hazel nut, were found in the right iliac region, which 
was the first time that a superficial gland was ever palpated The spleen and 
liver were palpable Roentgen-ray therapy was begun July 24, 1914 Between 
the first and second treatment one month elapsed The patient felt better after 
treatment Later the roentgen-ray treatments were given every two weeks 

Second Admission — Nov 14, 1914 Three days before admission she had 
se^ere abdominal pain, with vomiting and slight fever At this time, the gen- 
eral appearance of the patient was improved A large, hard, nodular mass 
was felt in the abdomen, extending from the ensiform to the umbilicus, and 
3 cm to each side of the midline It moved with respiration and was slightly 
tender No definite mass could be made out in the right lumbar quadrant, but 
an indefinite sense of resistance was noted The liver, spleen and kidnevs were 
not felt Cervical, axillarj' and inguinal lymph nodes were not palpable The 
skin was negative The eye grounds were normal Wassermann negative 

Later is was impossible to definitely outline the abdominal mass and most of 
it seemed to be to the right of the midline Other smaller masses felt in abdomen 

She had dull aching in the back, radiating about the waist Temperature 
gradually rose to 103 2 F Pam was quite severe and not relieved bj fairly 
large doses of morphin There followed gradual improvement and the tem- 
perature became normal 

Blood cultures (Rosenow deep tubes) Sterile 

Roentgen-Ray Examination (Roentgenogram 31424) —Slight increased dif- 
fuse density of lungs Shadow about roots unusually strong Left diaphragm 
shghtlj irregular with bulging over the spleen 

Discharged, Dec 22, 1914, somewhat improved 

Inf oval History —She was given roentgen-ray treatments at somewhat 
irregur intervals 

klarch 1, 1915 Deep in both inguinal regions are glands about 2 cm in 
diameter None palpable elsew'here Abdominal mass much smaller and much 
less distinct 

Sept 21, 1915 Several enlarged glands in the left supraclaMcuIar fossa 
formed a mass 6 cm in diameter and about 2 cm thick These glands decreased 
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in size under roentgen-’'ay treatment Abdomen Slight resistance just belo%v 
costal arch in midline, with indefinite sense of a mass which cannot be 
mapped out 

She has had periods of fever One of these lasted twenty days, and the 
temperature went as high as 103 2 F 

In December, 1916, she showed signs of hyperthyroidism — nervousness, 
diarrhea, insomnia, palpitation and tremor, but no exophthalmos These symp- 
toms gradually improved during the next two years Roentgen-ray treatment 
of glands was continued during this period 

June, 1918 Menses irregular, some loss of weight, temperature elevated 
two or three degrees each night Abdomen is somewhat distended, sense of 
mass made out along median abdominal line Spleen not palpable Some retro- 
sternal dulness Right femoral nodes enlarged 

Jan 31, 1919 Abdomen a little full and resistant, but no mass distinguish- 
able Inguinal nodes about 3 by 4 cm in diameter 

April 25, 1919 Abdominal masses faintly palpable Spleen felt 8 cm below 
costal margin, hard and firm No masses in neck 

Thud Admission — ^June 2, 1919 Since attack of influenza eight months ago, 
she has not been as well as before, and has lost 20 pounds in weight 

Physical Examination — Deep and superficial lymph nodes above the left 
clavicle are enlarged The inguinal lymph nodes are enlarged, firm and smooth 
Spleen is palpable four finger-breadths below the costal margin 

June 18, 1919, she was given by transfusion 450 cc blood, followed almost 
immediately by a severe chill (Chart 3) 

During most of her stay m the hospital, the temperature was between 100 
and 103 F, but finally it came down to normal She was given four roentgen- 
rav treatments which were followed with some reaction (Chart 3) Her gen- 
eral condition gradually improved, and she was discharged June 27, 1919 
Infoval Histoiy — July 16, 1919 Tenderness over spleen, signs of medi- 
astinal mass 

September 11 The patient returned to the dispensary complaining of 
abdominal pain, obstinate constipation, chills and fever She has had six 
roentgen-ray treatments since her discharge June 27, 1919 After each treat- 
ment she had general malaise, sick headaches, fever and nausea 

Fouifh Admission — Sept 11, 1919 She has had a gnawing pain m the back, 
not affected by respiration Temperature was elevated in the evening, low m 
the morning The pain in the splenic region was made worse by respiration 
Constipation increased this pain Constipation was very obstinate and not 
relieved by medication which made the pain worse The fever has lasted over 
periods of from three to five weeks, with afebrile intervals The febrile periods 
have been increasing in length Fever accompanied by drenching night sweats 
Physical Examination — Glands One postcervical gland on the left side was 
firm and about the size of a peach stone A few small glands were palpable 
in the right axilla Abdomen Liver, 2 5 cm below costal margin Spleen, 
8 cm below costal margin and 4 cm to left of midline Dulness extends up to 
fifth space Spleen was hard and quite tender, moved freely with respirations 
No other masses were felt in abdomen 

Clinical Com sc — September 14, signs of fluid in the left pleural cavity were 
made out, and the next day 100 cc of yellowish turbid fluid was aspirated 
Signs of fluid again appeared and October 14, 900 c c of turbid fluid was 
removed from the left chest After the third transfusion (October 16) the 
patient’s condition improved and the temperature came down to normal 

November 6 Left pleural cavity was aspirated, and 700 cc fluid was 
withdrawn 

November 30 The spleen was larger than previously, edge sharp, hard and 
irregular 

December 9 Left eye Fluid vitreous was filled with opacities Retina 
detached at lower part Disk partly atrophic Right eve Patch of mild 
chorioretinitis found Floating opacities in vitreous 
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There were always signs of fluid m the left chest and at times also in the 
right chest The patient complained frequently of pain in the right side of 
the chest and also in the splenic region There was abdominal distention 
which was only slightly relieved by enemas, etc The spleen was enlarged 
and tender The temperature would be elevated for about two weeks, then 
descend gradually to normal and remain so for from ten days to four weeks, 
then rise again During febrile periods, constipation was obstinate and there 



was severe abdominal pain with distention In the afebrile periods, she seemed 
to be much better Because of w^eakness roentgen-ray treatments were dis- 
continued after March 10, 1920 

^fter transfusions, of w'hich she had nine, there occurred — with one excep- 
tion a sharp rise in temperature Immediately after this rise the temperature 
ent down rapidly to a lower level than it reached prior to transfusion This 
drop in temperature was accompanied by improvement in general symptoms 
2/ an operation for intestinal obstruction was considered but wss 
not done because the patient was relie\ed by turpentine enemas given in the 
knee chest position “ 
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September 25, she complained of gas m the intestines with cramps The 
abdomen showed only moderate distention and was soft and tender Treatment 
was unavailing She gradually grew weaker and died wuthout reacting to 
stimulants 

Final Diagnosis — Hodgkin’s disease 

Ncciopsy Repot t (9061) — Anatomic diagnosis Hodgkin’s disease, wuth 
involvement of the spleen, liver, lungs, pleura, intestine and peritoneum, ulcera- 
tion of colon, perforation of transverse colon, acute generalized peritonitis, 
left hydrothorax , fibrous pleural adhesions , chronic mitral endocarditis 
The body is that of a well developed, moderately emaciated white wmman, 
152 cm 111 length The mucous membranes are pale Superficial lymph glands 
are not palpable The abdomen is distended and tense There is an old scar in 
the inidlme between the umbilicus and pubis There is some edema of the feet 
Abdominal Cwitv — The abdominal cavity contained a considerable quan- 
tity of foul gas and 500 c c of thick dark greenish fluid, having a foul, fecal 
odor The omentum is adherent along the scar in the anterior abdominal wall 
and also to the parietal peritoneum in the left lower quadrant The peritoneum 
IS thickened and opaque, especially that part in the pelvis and both lower 
abdominal quadrants At the splenic flexure is a firm mass measuring 12 by 
8 cm It IS adherent to the parietal peritoneum, and behind it the colon seems 
to pass 

Intestine Adjacent loops of intestine are lightly bound together by a fibrino- 
purulent exudate Over the serous surface of the sigmoid and its mesentery 
and also the pelvic peritoneum are numerous nodules, varying in size from 
a few millimeters to 1 centimeter or more m diameter These nodules are firm 
and often fused together The nodules are most abundant along the mesenteric 
attachment of the sigmoid, and spread dowm o\er its serous surface, often as 
stiff plaques 2 cm in length, and at a few places they almost encircle the 
intestine (Fig 2) On section, they are siher grav in color and translucent 
The mucosU of the small intestine is negative The lymphoid follicles and 
Pever s patches are made out with difficultj The ascending colon and the proxi- 
mal half of the transverse colon are normal In the distal half of the transverse 
colon are many ulcers in the mucosa, varying from 0 5 to 1 5 cm or more in 
diameter These are rounded or oval, wuth shelving edges and clean bases, and 
rarely extend deeper than the muscularis One of the large ulcers on the inferior 
w'all has perforated, the opening being more than 1 cm in diameter At the splenic 
flexure, the intestine is very sharply angulated and the lumen is much nar- 
row'ed The wall of the intestine in this region is tremendouslj'^ thickened, 
very stiff and almost cartilaginous m consistence In the wall of the intestine, 
usually in the serous portion, are many firm nodules about 0 5 cm m diameter 
The fat about the intestine contains similar nodules, and fibrous tissue is 
increased m it (It was this infiltrated fat and thickened intestinal w'all wdiich 
w'as described as the mass at the splenic flexure, and also clinically as the 
spleen ) The mucosa of the descending colon and sigmoid contains manv 
ulcers, similar to those described above The rectum is negative except for 
a few nodules in the peritoneum o\er it 

Stomach and Duodenum Stomach is negative, except for a stellate scar 
in the mucosa on the lesser curvature, and a few nodules similar to those 
described above m the serosa, also along the lesser curvature The duodenum 
show's nothing unusual 

Lymph Glands The mesenteric lymph glands are quite small and are 
found with difficulty On section, nothing abnormal can be made out The 
retroperitoneal glands are not enlarged, they are quite fibrous The pelvic 
Ivmph glands are bound together by fibrous tissue Some of them are fibrous, 
others contain firm, yellow opaque material They are not enlarged Along 
the thoracic aorta are a few firm glands which on section contain considerable 
fibrous tissue The mediastinal glands are onh slightly enlarged Those at 
the bifurcation of the trachea show an increase in fibrous tissue Below' the 
manubrium is a lymph gland w'hich is slightly enlarged and soft On section 
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It IS gra\ and translucent, with black pigment scattered through it The cer- 
vical and axillary glands are quite small and on section show nothing unusual 

Spleen— The spleen does not extend below the costal margin It weighs 
200 gm , has a definitely nodular feel On section there are seen in the pale 
graMsh red pulp many moderately firm, opague, white, sharply circumscribed 
masses, measuring up to 1 cm in diameter, and having a somewhat lobulated 
outline The malpighian bodies are not easily seen There is no apparent 
increase in fibrous tissue 

Liver The liver weighs 1,450 gm, and measures 22 by 21 by 9 cm The 
capsule IS smooth Projecting above tbe surface are several white rounded 



nodules, the largest of nhich is in the postero-inferior part of the right lobe 
On section, the pale reddish jellow surface is thickly studded with nodules 
1 arj mg in size from 1 mm to one 3 cm in its greatest diameter The smaller 
nodules are graj and translucent, the larger ones are opaque and white For 
the most part they are rounded, soft and sharply circumscribed The large 
mass m the right lobe is soft, opaque and j ellowish white, with a somewhat 
irregular outline There is another large, similar mass close to the falciform 
ligament The lobulation of the luer is uniform There is no increase in con- 
iiectue tissue The gallbladder is negatue 
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Pancreas The pancreas weighs 100 gm The tail is densely adherent to 
the firm mass at the splenic flexure This portion contains much fibrous tis- 
sue running in wide strands through the parenchyma Elsewhere, the pancreas 
IS normal 

Uterus Normal 

Ovaries The ovaries are quite small and fibrous, resembling m appear- 
ance the ovaries of an elderly woman On section, a few corpora albicantia 
are seen No follicles or corpora lutea are made out 

Bladder Negative, except for nodules in the peritoneum over it 

Aorta, kidneys, suprarenals and fallopian tubes are normal 

Heart Weight, 210 gm It is normal, except for a few firm fibrous 
nodules on the mitral valve 

Lungs The left pleural cavity contains 400 c c of straw colored fluid The 
right pleural cavity contains only a slight excess Left lung There are some 
dense adhesions between the apex of the lower lobe and the parietal pleura 
The lung is crepitant, except for a firm area in the anterior part of the lower 
lobe On section through this area, there is seen a small, firm, gray nodule 
surrounded by a zone of consolidation Elsewhere the lung shows nothing 
unusual on section In the parietal pleura at the site of the adhesions, there 
are many firm elevated nodules, resembling those seen m the peritoneum These 
are grouped together and cover an area measuring about 6 by 4 cm Right lung 
Normal The bronchial lymph glands are not enlarged and are quite black 
m color 

Thyroid Is slighti} enlarged and firm On section considerable colloid 
IS seen 

Bade) wlogtc Repot f — On culture, the peritoneal fluid contained B wclchii, 
enterococci, small gram-posiLve bacilli, B coh communis, and B fecahs 
alkahgenes 

Mic> oscoptc Examination — Lymph Glands Axillary and cervical The 
normal arrangement of the gland is lost , the germinal centers and sinuses are 
obliterated , the lymphocytes are reduced in number Scattered throughout are 
many large cells, with one or more oval or indented vesicular nuclei, each 
containing a small amount of chromatin material and a single large nucleolus 
Also, there are many multinucleated giant cells, having oval, rounded or lobed 
nuclei Yvhich appear to be solid There is little increase m connective tissue 
A few small necrotic areas are seen containing fibrin The capsule is slightly 
thickened There are no eosinophils In the fat about the gland are small 
accumulations of plasma cells and lymphocytes (Fig 3) 

Retromanubnal The lymphoid tissue has been almost entirely replaced by 
loose connective tissue, masses of giant cells with hyperchromatic nuclei, and 
endothelioid cells In this new tissue are many small foci of necrosis, infil- 
trated with polymorphonuclear neutrophils At one point, the capsule of the 
gland has been penetrated and the giant cells and connective tissue have 
extended into the surrounding fat No eosinophils are seen 

Mesenteric The germinal centers and sinuses are obliterated The 
lymphoid tissue is rather loose The capillaries in the gland are distended 
There are many typical endothelioid cells In some of these the nucleus has 
a vacuolated appearance, the nucleolus having disappeared Only a few cells 
are present Yvhich have the hyperchromatic nuclei A few areas of necrosis 
are found in which the cell outlines can still be discerned The capsule has 
been invaded and in the surrounding fat are found giant cells, lymphoid and 
plasma cells and endothelioid cells Occasionally, a single endothelioid cell 
IS found lying free inside a fat cell 

Retroperitoneal In one section, fibrous tissue is tremendously increased 
and passes in dense and wide bands throughout the gland, and also is scattered 
diffusely through it Between the larger bands of fibrous tissue are small 
pockets of l3'mphoid cells, among Yvhich are found typical endothelioid cells 
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and a few of the giant cells with densely staining nuclei In another section, 
the fibrosis is even more marked there are fewer endothelioid cells A mod- 
erate number of polymorphonuclear neutrophils are found 

Pelvic The greater portion of the gland consists of caseous material, in 
nhich are found nuclear fragments and cholesterin crystal clefts About the 
periphery of this necrotic area are a few epithelioid cells and mononuclear 
phagocytes containing brown pigment There are also irregular masses stain- 
ing blue, lying m clear spaces having the outlines of cells With silver nitrate 
and purpurm preparations these are found to be masses of calcium, and are 
most probably calcified nuclei 

In sections of glands stained with the Wilson stain the nucleoli of the 
tipical endothelioid cells stain with varying intensity with eosm Often m the 
other giant cells a large nucleolus stands out brilliantly stained with eosm in 
the center of the solid blue staining nucleus The cytoplasm of these latter 
cells likewise takes a more intense stain with eosm than docs that of the 
endothelioid cells (Fig 4) 

Splfen The sinuses are rather wide and connective tissue is increased 
A.ccumulations of endothelioid cells and pobmorphomiclear leukocytes, together 



Fig 4 — Hodgkin’s disease a and b, atypical giant cells, hematoxylin and 
eosm stain c, atypical giant cell , Wilson stain d, endothelioid cell 

siith eosinophils often occupy the site of the inalpighian bodies In some of 
these there is necrosis of the central part Several of the vessels are sur- 
rounded b} masses of the Hodgkin’s granulation tissue 

PixcREAS The interlobular septa are widened by an increase m dense con- 
nectn e tissue m which are accumulations of small wandering cells and occa- 
sionalU a few of the giant cells With hyperchromatic nuclei and typical endo- 
thelioid cells The parench 3 ma and islands are normal 

Lm-R In many of the lobules the cells about the portal areas are filled 
with fat There are masses of loose connective tissue m which are many large 
ceils W'lth multiple hj'perchromatic nuclei A few eosinophils are found in these 
groups In the larger of these there is often central necrosis At the margins 
ot some of the nodules, the giant cells are found out m the sinusoids, and the 
lucr cells about them are indented or flattened out Occasionally g'lant cells 
arc also found m sinusoids at a distance from the nodules 
Kidxe\ Normal 
SnpR\REXAi Normal 
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Small Intestine Normal, except for a fibnnopurulent exudate on the 
serous surface 

Colon In the lymphoid follicles are seen many of the giant cells with 
densely staining nuclei In the submucosa are large masses of loose connectne 
tissue and small round cells, with intermingled giant cells In some of the 
larger masses, the central portion has undergone necrosis In the serosa and 
surrounding fat are seen large accumulations of the giant cells wuth hyper- 
chromatic nuclei, and virtuallj none of the characteristic endothelioid cells 
The giant cells are found extending up betw^een the muscle bundles of the 
longitudinal muscle although generally the muscle is lifted up by the new 
grow'th of tissue The new tissue also extends to the blood vessels, but does 
not invade the vessel w^all A few eosinophils are found 

OvA.R\ The blood vessels stand out prominentl} Several corpora albi- 
cantia are present wdiich ha\e a much less compact appearance than usual 
Also there are several areas wdiich appear to be recent corpora albicantia, but 
wdiich contain great numbers of cells loaded with coarse brown granules No 
follicles are to be differentiated 

Heart The myocardium is normal 

Lung Just beneath the pleura are several groups of alveoli having thick- 
ened walls Some of the alveolar spaces are filled with a granular material 
and a few small mononuclear cells Others are full of small wandering cells 
and among these are t 3 'pical endothelioid cells and a few of the giant cells with 
dense nuclei 

Parietal Pleura This is greatly thickened and edematous There is a 
diffuse infiltration wuth small round cells, polymorphonuclear neutrophils, and 
large mononuclear cells Dense accumulations of small round cells, manj 
having Inperchromatic nuclei, are scattered through the section, but especiallj 
just beneath the pleural surface 

Tieatnxent — Aside from sedatives, the onlj therapeutic measures used w'ere 
transfusions and the roentgen-ray 

Transfusions Nine transfusions w'ere given At first they were given 
because of the severe anemia and w'eakness Immediately after transfusion 
there W'as a rise of temperature and a chill six out of nine times In a few^ 
hours, how^ever, the temperature would fall and the patient would be much 
improved for fiom a few daj's to a month It is impossible to say how mucli 
of this improvement was due to the treatment but undoubtedly the trans- 
fusions had a definite, if limited, beneficial effect 

Some of the drops in the temperature were very striking, and the improve- 
ment in the general condition of the patient was just as marked On onlv 
two occasions did the temperature remain elev'ated after transfusion One of 
these occasions occurred just before death 

Roentgcnotherapv The patient was treated ninety-five times but in 
mail} cases more than one area was irradiated This treatment was begun 
under the guidance of Dr Corscaden The Coolidge tube and Solace apparatus 
were used The filters were changed sev'eral times They were first, 3 mm 
aluminum, 1 cm wood, second, 1 mm aluminum, 1 cm wood, 3 mm glass 
4 mm leather, third, 1 mm aluminum, 1 cm wood, 3 mm glass, 4 mm leather 
2 mm bakalite, fourth, 1 mm aluminum 1 cm wood, not used, 4 mm leather 
2 mm bakahte The voltage was 80 or 90 kilovolts The current was 5 milli- 
amperes Anodal distance from skin, 25 cm Dosage at first was 45 milliam- 
pere minutes, this was increased to 50, and at the last reduced to 35 milliamperes 

The whole of the body, anterior and posterior, was divided into areas The 
numbers of these areas were changed from time to time but were always so 
arranged that all the contents of the thorax and abdominal cavit} were exposed 
to the rays 

Originally the plan was to have the patient treated twice a week, choosing 
the areas so that the whole of the trunk would be irradiated once m three 
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weeks Owing to the fact that the patient was not always in the hospital, 
it was frequently found impossible to adhere to this plan 

Frequently the treatments were followed by nausea and vomiting, this 
reaction would last for a few hours 

Because of the low white blood cell count (between 3,000 and 4,000) and 
general weakness, the patient was given no roentgenotherapy for six months 
prior to death 

DISCUSSION 

Roentgenothei apy was first used m the treatment of Hodgkin’s 
disease about 1900 Among the first to report cases were Pusey,® and 
Williams' in 1902 The following year Childs/ and Finch® con- 
tiibuted to the literature Three years later Pfiefiter’^® wiote an 
article These early papers are inteiestmg but frequently lacking in 
details Indeed, in some instances they are only brief letters expressing 
the writer’s views m regard to his results 

Among the more recent writers are Hocguertel,^^ Krecke,^® San- 
guinetti,^® Holding,^'* Levin and Knox It is unfortunate that none 
of these observers report the effect of the roentgen ray on the glands 
In a paper just published Mueller describes two cases, detailing the 
microscopic appearance of the glands after treatment 

Our patient was treated ninety-five times with roentgen rays 
It IS impossible to say just what effect this had on the course of the 
disease , apparently, the glands decreased m size, especially the cervical 
nodes As is frequently the case, the patient was usually nauseated 
and occasionally lomited after the treatment This discomfort gen- 
erally lasted for several hours After the immediate effect of the 
treatment wore off, the patient would often seem to feel better and 
it was believed that the rays had a beneficial effect 

Cowse — The progress of the disease may be described as being 
slowly progressive, there were periods when she would be very ill 
These periods would be followed by intervals when she would feel 
much better As time went on, the acute stages became longer and 
the improvement less marked The loss of weight was constant The 
transfusions evidently helped her, but the effect was not lasting 

6 Pusey, W A J A M A 38 166 (July 18) 1902 

7 Williams, F H Boston M & S J 147 365, 1902 

8 Childs, B C Med News 4 143, 1903 

9 Finch, C B J Cutan Dis including Syph 21 562, 1903 Finch, C B 
Med Rec 65.773 (May 14) 1904 

10 Pfeiffer, C P Beitr z klin Chir 50 262, 1906 

11 Hocguertel, J M Fortschr a d g der Roentgenstrahlen 21 638, 1913 

12 Krecke, A Beitr z klin Chir 95 609, 1914 

13 Sangumetti H H Univ Med Rec, Bond 6 299 1914 

14 Holding H F Ann Surg 65 686, 1917 

15 Le\in, Isaac Med & Surg 1 411, 1917 

16 Knox, Robert Radiotherapy and Radiotherapeutics J1 475 1919 

17 Alueller, T T M Research 42 325, 1921 
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Pcvei — ^When first seen, she ran an intermittent temperature similar 
to that described by Ebstein, Murchison,"® Pel,®® Ziegler®" and 
Musser® (Charts 1 and 2) Then for varying intervals, there would 
be no fever, and after a while the recurrent type would reappear 
Duimg the last admission the recurrent type was the rule (Charts 3 
to 11) The tempeiature was, apparently, affected by the roentgen ray 
and the transfusions, but it is doubtful if either of these measures 
had any real effect on the course of the fever Although bhe had 
been having a high fever for almost a month ]ust before she died, on 
other occasions she had just as high a temperature and it lasted for 
<i simi’ar period (Chart 6) 

Blood Counts — The blood examination is interesting because the 
picture resembled that described by Bunting®® m Hodgkin’s disease 
There usually was an increase m the white blood cells during the first 
admission, the total count was as high as 12,000 The large mononuclear 


TABLE 1 — Effects of Transfusions 



Cc 

Bed Blood Cells 

Hemoglobin, per Cent 


Before 

After 

[ Before | 

After 

First 1 

450 

3,800 000 

4,500,000 

65 

70 

Second 

400 

3,100000 

3,700,000 

50 

65 

Tliird 

350 

2,’<00,000 

3,600,000 

50 

55 

Fouith 1 

300 

2,600 000 

3,200,000 

40 

40 

Fifth 

300 

3,600,000 

4,600,000 

40 

60 

Sixth 

300 

3 500,000 

3,100,000 

60 

60* 

Seventh 

1 ightli 

Ninth 

300 

1 300 

1 250 

1 

1,800,000 

4 500 000 

l,'i00,000 

2,200 000 

Not done 

i 

40 

75 

85t 

50 


* Aot taken immediately alter transfusion 
1 'ihe patient died the next day 


cells and transitionals were increased The platelets were always 
increased, running as high as 570,000, even after many treatments 
with the roentgen rays 

Later the white cells were reduced as low as 2,200 This was 
thought to be due to the effect of the irradiation and on this account 
the treatment was stopped 

The anemia was progressive and verj. marked toward the end of the 
illness During the first year, the red cells numbered as high as 
4,800,000, with 81 per cent hemoglobin The anemia increased until 
a few days before death, when the red cells numbered 1,700,000, and 
the hemoglobin was 35 per cent 

The effects of the transfusions are shown m Table 1 

18 Ebstein, W Berl khn Wchnschr 24 565, 1887 

19 Murchison, C Tr Path Soc Lond 24 372, 1870 

20 Pel P K Berl klin Wchnschr 24 644, 1887 

21 Ziegler Die Hodgkinsche Krankheit, Jena, G Fisher 1911 

22 Bunting, C H Tr Assn Am Phys 26 435, 1911, Bull Johns Hopkins 
Hosp 25 173 1914 
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It IS unfortunate that the data are not more complete However, 
they show that the transfusions had a beneficial, if temporary, effect on 
the red cells and the hemoglobin It is very difficult to account for the 
change between the seventh and eighth transfusions The increase 
of more than 2,000,000 cells, and of 25 per cent in the hemoglobin 


TABLE 2 — Blood Counts 


o 

O' 

a 

Irnnsluslon, 

Oe 

Red Blood 

CcUs 

Hemoglobin, 
per Cent 

White Blood 

Cells 

6 

•O >■ . 
OSa 

M 

ils 

life 

0 fl 0 . 
pH 

Basophils, 
per Cent 

Tosinophils, 
per Cent 

- 0 

S 

1 ^ 

Large Lym- 
phoevtes, 
per Cent 

Large Mono- 
nnclcars 
per Cent 

'Innsitionals, 
per Cent 

CO 

'cj 

c- 

E 

1914 









1 




3/ 7 


4 090 000 

60 

10 000 

75 


1 

24 

i 




7 ; 7 


4 000 000 

74 

12,800 

74 




' i 

1 



11/28 


4,880,000 

81 

10 000 

75 


1 

25 

i 




1915 







1 


1 




3/ 1 


4,540,000 


8 140 

71 

05 

5 5 

14 



9 


11/14 


4,430 000 

85 

9 500 

75 5 

15 

05 

14 5 


45 



1919 













1/15 


4 470,000 

50 

5 000 

72 



20 

23 

3 



6 / 4 


3,800,000 

65 

3 800 

72 


1 

30 

1 

21 

3 


()/18 

430 




I 








6/20 ! 


4,450 000 

70 

4 300 

1 74 
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seems rather improbable, especially as the patient did not seem to be 
any better It is impossible to exclude the possibility of a technical 
error 

SytHptoins and Physical Signs — ^The blood pressure was always 
low, even in the early part of the disease when the patient was up 
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and about This has been observed in Hodglcin’s disease before 
(Longcope and McAlpin”^), and is of inteiest but piobably not of 
aii}’^ gieat importance 

Hydiothorax It was necessar}'- to aspirate the chest four times 
during the last admission This condition is frequently found m Hodg- 
kin’s disease, and has been mentioned by Ziegler,-^ Edsall,-^ Lemon and 
Doyle,-'’ and by Longcope and McAlpm It is probably due to involve- 
ment of the pleura The chest was aspiiated three weeks befoie death, 
and at the postmoitem examination the left pleural cavit}’- contained 
400 c c of straw colored fluid 

Abdominal Sym-ptoms — For several months before death, the 
patient complained of pain in her light side, and in this region a large 
mass was readily palpated It was supposed to be the spleen, and the 
pam was attributed to a perisplenitis The necropsy showed the spleen 
to be only slightly enlarged (weight 200 gm ), but there was a large 
mass made up of infiltrated fat and intestinal wall that had been 
mistaken for the spleen 

About fifteen months before death, the patient began to complain of 
abdominal pain During these attacks the abdomen would become 
distended P,ehef vras obtained by various theiapeutic measuies, such 
as lavage, cathartics (in the early stages) and edemas At first these 
attacks weie of short duration and not very serious, but during the last 
few weeks they became a great problem Finally, it was deemed 
advisable to operate, although the patient was an extremely poor 
surgical risk Befoie this was done, an enema was given in the “knee 
chest” position, with satisfactory result The relief was only temporary 
and in a few days the symptoms returned The patient was in great 
distress, requiring sedatives She became very weak, did not react to 
stimulants and died 

RESUME 

1 The diagnosis of Hodgkin’s disease of the mesenteric lymph nodes 
was made six and one half years before death The patient was under 
observation from the time the diagnosis was made until she died 

2 The temperature at times was of the recurrent type, described by 
Fbstein,^® Murchison,'’® Pel and Ziegler 

3 The blood picture closely resembled that described by Bunting 

4 The blood pressure was very low, even when the patient was first 
admitted (Longcope and McAlpm®®) 

23 Longcope, W T , and McAlpm, K R Oxford Med 4 20 

24 Edsall, D L New York M J 82 838, 1905 

25 Lemon, W S , and Doyle Am J M Sc 172 516, 1921 

26 Longcope, W T , and McAlpm, K R Oxford Med 4 17 
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5 Although the spleen was thought to be very much enlarged during 
life, at necropsy it was found to be only a trifle larger than normal 
Apparently a mass of infiltrated fat and intestinal wall had been mis- 
taken for the spleen 

6 The hydrothorax that required paracentesis is not unusual m this 
disease, and is probably due to involvement of the pleura Cases have 
been described by Lemon and Doyle, Ziegler,^^ Longcope and 
McAlpin 

7 Because of the advanced stage of the disease when the diagnosis 
was made, it is safe to say that the roentgenotherapy slowed the process 
but in no sense cured the condition 

8 Death was due to perforation of the intestine This is believed 
to be very unusual m Hodgkin’s disease 

9 Unusual pathologic findings are Extensive involvement of the 
peritoneum and abdominal viscera, the tendency to regional invasive- 
ness , atypical giant cells and the scarcity of eosinophils 

We are deeply indebted to Dr Warfield T Longcope and Dr A M Pappen- 
heimer for suggestions and advice 



EXPERIMENTAL REPRODUCTION OF THE SPECIFIC 
HISTOPATHOLOGY OF INFLUENZA > 

GEORGE BAEHR, MD, and LEO LOEWE, MD 

NEW YORK 

It was realized lather early in the lecent pandemic of influenza that 
by the time patients died secondary infections with various pyogenic 
organisms had usually taken place, which more or less completely obliter- 
ated evidences of the oiigmal disease From numerous bacteriologic 
studies, It was evident that the bacteria recovered from the lungs after 
death had secondarily invaded the damaged organs from the upper 
respiratory tract Traditional belief made many observers reluctant to 
assign a similar role to the B tnflnensae of Pfeifter But even this 
organism was finally relegated to a secondary role by work such as that 
of MacCallum,^ which demonstrated that although it might be present m 
a large percentage of the lungs of persons dying of the disease in one 
part of the country, the bacillus of Pfeiffer was correspondingly rare 
in the lungs in other parts of the country where, at the time, it happened 
to be a less frequent resident of the upper respiratory tract 

Such advances m our knowledge of the bacteriology of the disease 
immediately concentrated the efforts of pathologists on an attempt to 
differentiate the secondary purulent from the primary fundamental 
lesions of epidemic influenza The best work in this country (Klotz," 
Wmternitz, Wason and MacNamara kept this aim constantly in 
view, as did the best of the European observers ( Oberndorter ^ 
Dietrich,® Glaus and Fntzche,® Marchand,^ Soerensen,® Koopman °) 
Some of these authors (Klotz, Oberndorfer, Glaus and Fritzsche, 
Koopman) had the unusual opportunity to study fulminating cases of 
the disease in persons who had died within forty-eight hours after the 
onset, before the secondary infection had sufficiently invaded the 
damaged lung to obscure the primary pathological picture 

* From the Pathological Department of the Mount Smai Hospital 

*Work done during the tenure of a George Blumenthal, Jr fellowship in 
pathology 

1 MacCallum J A M A 72 720 (March 8) 1919 

2 Klotz Studies on Epidemic Influenza, Published from University of Pitts- 
burgh School of Medicine, 1919, p 207 

3 Wmternitz, Wason and MacNamara The Pathology of Influenza, Yale 
University Press, 1920 

4 Oberndorfer Munchen med Wchnschr 65 30, 1918 

5 Dietrich Munchen med Wchnschr 65 34, 1918 

6 Glaus and Fritzsche Cor -B1 f schweiz Aerzte 48 1121, 1918, ibid 
49 72 1919 

7 Marchand Munchen med Wchnschr 66 5, 1919 

8 Soerensen Ztschr f Hj'giene u Infectionskr 91 204, 1921 

9 Koopman Virchows Arch f path Anat 228 319 1920 
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Speafiafy of the Histopathology of Emly Human Influenza — 
Summarizing the ^^ork of these authors, one is impressed with the 
unanimity of their opinion that the pathologic process in early human 
influenza represents a specific tissue reaction, not to be seen in the lungs 
in any other type of infection In fact, Winternitz and his collabor- 
ators state in their monograph “The histology of this disease is almost 
as specific as that of any biologic reaction ” 

The essential features of the pathologic lesions in early human 
influenza are (1) congestion, edema and often minute hemorrhages m 
the mucous membrane of the trachea and larger bronchi, (2) patchy 
distribution of the pulmonary lesions, (3) diffuseness of the process, 
which often extends through several lobes or even parts of all lobes; 
(4) profuse serosanguinous exudate which drips from the moist cut 
surface of involved parenchyma, (5) hemorrhagic character of the 
lesion, the hemorrhagic exudate being seen microscopically to infiltrate 
the interstitial tissue and fill patches of alveoli, (6) aplastic char- 
acter of the process, the inflammatory exudate in alveoli and inter- 
alveolar interstitial tissue being composed almost entirely of red cells 
and serum with an occasional endothelial cell but containing astonish- 
ingly few polymorphonuclear or other leukocytes In addition, Klotz 
directed special attention to the tendency to emphysematous overdis- 
tension of alveolar air spaces in the involved lungs , and Winternitz also 
emphasized the tendency to necrosis of the epithelium lining the trachea 
and bronchi and to hj^alm necrosis of pulmonary tissue, especially of 
interalveolar septa m the damaged areas One of us had considerable 
experience with the study of this unusual type of pulmonary inflam- 
matory process, while serving during the pandemic as director of 
laboi atones for the group of U S Army Base Hospitals at Beau Desert 
Hospital Center, France 

E'l pel tmental Repi odncHon of Influenza — Just as advances in bac- 
teriology during the first year of the pandemic (1918) were in large 
part responsible for a more accurate conception of the pathologic 
phenomena involved in influenza, so, in similar manner, the more recent 
bacteriologic investigations of Ohtsky and Gates and of Loewe and 
Zeman^^ have afforded renewed opportunities for a study of the. 
essential features of this pathologic process Independently of one 
another and simultaneously, these two groups of investigators succeeded 
m cultivating a filtrable virus from the nasopharyngeal washings made 
earl} m the course of the influenza, which is capable of producing 
lesions m the lungs of rabbits, grossly and microscopically identical 
with those found in human beings suffering from the disease 

10 Olitskj and Gates J Exper M 33 125, 1921 

11 Loewe and Zeman J A M A , 76 986 (April 9) 1921 
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We have, therefore, undertaken to study more minutely tlie ji.itho- 
logic process induced experimental m these animals by the intra 
tracheal inoculation of cultures of these punctifoim, filtiable bodies 
and of influenza virus (filtered human nasophaiygeal washings oi 
lungs from inoculated animals) In this mannei we have been able to 
observe the lesions at the veiy eailiest stages of then development, an 



Fig 1 — Section from portion of lung showing minimal amount of paren- 
chymal damage Shows (1) emphysematous overdistension of alveoli, (2) con- 
gestion, (3) beginning extravasation of red blood cells into the alveoli, (4) 
two capillaries cut in cross section which are widely dilated and arc occluded 
by blood platelet thrombi (X400 ) 

oppoitumty obviously impossible m human beings And this oppoi- 
tunity has enabled us, we believe, to thiow moie light upon the patho- 
genesis of the disease 

Matomls employed — Foui series of rabbits were inoculated intra- 
tiacheally with the following materials 

(1) Human nasopharyngeal washings In the first series, animals 
were inoculated with nasopharyngeal washings from earh cases of 
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influenza These washings were obtained m the manner described 
elsewhered’^ within twenty-four hours after the onset of the first symp- 
toms of illness, and they were then carefully filtered under strict sterile 
precautions through Berkefeld filters size N or Mandler filters of cor- 
responding density The filters were always tested with B pr odigiosMs 
The filtered nasopharyngeal washings were then cultured aerobically 
and anaerobically in ordinary laboratory mediums and found to be free 
of contaminations Inoculations were also made on the so-called choc- 
olate agar medium m order to eliminate the possible presence of B 
mflenzae of Pfeififer or other hemoglobmophilic organisms From 1 
to 3 c c of the clear filtrate were used for the intratracheal inoculations, 
the material being introduced in the manner subsequently to be described 

(2) Filtrates of glycerolated lungs of inoculated animals In a 
second series, the injected material consisted of the lungs of animals in 
series one and three, which had been glycerolated for a variable period 
(from one week to fourteen months) and then filtered through Berke- 
feld or Mandler filters The lungs were removed in sterile fashion 
from the animals within from thirty-six to forty-eight hours after 
inoculation and were not further utilized unless found to be free of all 
secondary invading organisms Glycerolation was often employed as 
an added precaution as it did not seem to affect the virulence of the 
material appreciably 

(3) Cultures of the punctiform bodies In the third series, the 
rabbits w^ere inoculated intratracheally with cultures of the minute 
punctiform filtrable bodies isolated by Loewe and Zeman Most of 
the cultures were obtained from the filtered nasopharyngeal washings 
of early cases of influenza, persons in the first twenty-four or thirty- 
six hours of their illness Other cultures were derived from the lungs 
of animals wdnch had originally been inoculated intratracheally with 
the filteied nasopharyngeal w^ashings of early human cases of influenza 
And a third group of cultures employed was recovered from the lungs 
of animals in which the experimental disease had been produced by the 
inoculation of cultures isolated from such nasopharyngeal washings 

One interesting feature of this third series of experiments is that 
the cultures of this filtrable viius, after being kept at incubator temper- 
ature for fourteen months, were not only found to be still viable, but 
also retained their unique pathogenic properties Similarly, the lungs 
of animals in \vhich the disease had been produced by intratracheal 
inoculation of human nasopharyngeal washings could be preserved m 
50 per cent gh cerol, and after fourteen months the glycerolated 
material was viable and also retained an almost undiminished 
infectu It} 

(4) Control experiments The fourth series of experiments served 
as controls to series one, two and three The inoculated materials in 
this series consisted of the following 
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(a) Culture medium ascitic fluid containing kidiiev tissue and 
layered with petrolatum, which had not been inoculated but had been 
incubated at 37 C simultaneous’y with the inoculated cultures for var}- 
ing periods of time up to fourteen months 

(b) Berkefeld filtrates of gl 3 ^cerolated lungs of rabbits succumbing 
to mtercurrent laboratory infections or to the intratracheal inoculation 
of various pyogenic organisms 

(c) Filtrates of nasopharyngeal washings obtained m the customary 
manner from patients suffi^ring with diseases other than influenza 
Surgical cases were preferred to rule out possible contact infection 

(d) Cultures of Staphylococcus aweus, Streptococcus hemolyticus, 
Sti eptococcus atihemolyhcus, pneumococcus and Bacillus bipolans 
(distemper) 

(e) Cultuies of B lufluenzae of Pfeiffer which were derived from 
various sources such as (1) nasopharynx of normal individuals, (2) 
cerebrospinal fluid of influenzal meningitis, (3) nasopharynx, sputum 
and lungs of persons suffering from influenza during the pandemic 
Tcchmc of Inoculation — The rabbit, having been lightly anesthetized 
with ethyl chlorid,^^ from 1 to 3 cc of culture or other material 
was inoculated intratracheally In a few experiments this was accom- 
plished by passing a fine rubber catheter into the trachea in the manner 
of the Meltzer-Auer method of intratracheal insufflation It was 
found to be more satisfactory to inject the material directly through 
the tracheal wall by means of a fine needle and syringe, after previous 
removal of the hair with barium sulphide and sterilization of the skin 
with tincture of lodm The animals immediately recovered from the 
very transient anesthesia and presented no evidence of any distress 
Symptoms of Illness — Often the first evidences of illness made 
their appearance within a few hours after the inoculation Within 
twenty-four hours, the animals appeared to be severely ill, their move- 
ments were less active, breathing was more rapid, and the conjunctivae 
were injected Over both sides of the chest, the stethoscope elicited 
numerous moist rales and, m some animals a distinct expiratory, asth- 
ma-hke wheeze 

Leukopenia — Simultaneous with the development of these sjmp- 
toms, there appeared a pionounced leukopenia, the number of leuko- 
cytes in the blood at tunes decreasing from 50 to 60 per cent within 

12 For many of the strains we are indebted to Dr William H Park of the 
Research Laboratory of the New York City Board of Health 

13 Ethyl chlond was emplo 3 'ed owing to the ease and rapidit} iwtli which 
a light anesthesia could be induced It Avas pro\en that this volatile drug as 
used was incapable of producing an}'^ structural changes 

14 Direct intratracheal inoculation was performed with 18-gage needles 
connected to 5 c c Luer syringes Entrance into the trachea w as indicated by 
the easy wuthdraw'al of air upon ele\ating the plunger of the SAringe 
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forty-eight hours The leukopenia was present m eveiy instance attei 
the inoculation of either active influenza virus (filtered lungs or 
nasopharyngeal washings), or cultures obtained fiom the virus It 
lias never encountered in animals inoculated with pyogenic organisms 
01 with B mflnensae of Pfeiffer, on the contrary even the latter 
legiilarly induced a definite hyperleukocytosis 



Fig 2 — Section sho%\ing an occluded arteriole and its tributary capillaries 
cut longitudinall} The outlines of the blood platelets comprising the thrombus 
can be made out, eien with this magnification Although the thrombus con- 
tains a few polymorphonuclear and mononuclear leukocytes the cellular forms 
of inflammatory exudate are conspicuously absent in the alveolar air spaces 
and interalveolar tissue In this microscopic field the alveolar spaces contain 
serum and red blood cells, uhereas in other portions of the same section the 
interstitial tissue is the more extensnely infiltrated with the aplastic sero- 
sanguineous exudate ( X -100 ) 

Sctondaiy Imasion with Pyogenic Oiganisuis — At the very begin- 
ning of the work, it was immediately observed that animals wdnch w^ere 
pei nutted to lue longer than from forty-eight to seventy -two hours 
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after the onset of the disease usually developed vaiious types of 
secondaiy infection within then damaged lung paienchyma Exactly 
as m human mfluen7a, the piimary piocess then became obscured by 
complicating lesions such as pneumonic consolidations, abscesses, 
empyema, etc , from which various pyogenic organisms could be 
isolated Simultaneous with the onset of this secondary bacterial 
invasion, the leukopenia lapidly gave way to a hypei leukocytosis 

It was therefore necessary to confine the study to the lungs of rabbits 
which weie saciificed^“ within fiom twenty-four to foity-eight hours 
aftei the inoculation The following obseivations theiefore represent 
the eaihest lesions of the expeiimental disease, at a time when cultuies 
from the damaged lung weie negative — except the filtrable oiganisms 
desci ibed by Ohtsky and Gates and by Loewe and Zeman 

Gloss Pathology — The lungs aie usually voluminous and present 
a sti iking picture of acute emphysema Although the piocess is often 
bilateral, usually one lung oi paits of a lung are more extensively 
involved The normal pale yellowish giay suiface of the organ is 
mottled with deep pink in laige difluse areas Here and there m these 
pink aieas aie small hemoirhagic foci, usually difiuse in outline 

A froth}^ edema fluid is often piesent in laige quantity in the lumen 
of the trachea and larger bronchi The mucous membiane of the latter 
regularly shows intense congestion and edematous swelling and is often 
stippled with minute hemorrhagic points 

On section of the lungs, no aieas of fiim consolidation aie dis- 
coverable The large pink areas appeal to be chiefly the site of an 
intense congestion and edema, so that the cut sui face drips a blood 
stained fluid Within the confines of the pinkish lung tissue theie are 
areas of swollen lung parenchyma of a deepei red which present the 
appearance of red jelly, but aie compressible and moist Often the 
affected poition of a lobe is a deep pink at the periphery, shading to 
a daiker red at the hilus In these red aieas, some small dark hemor- 
rhages, pinpoint to pinhead in size, aie fiequently discernable Between 
the areas of involved parenchyma, the lung presents merely an intense 
emphysema 

M'lcioscopic Pictnie — On micioscopic examination, the salient 
feature of the pathologic process are (1) congestion and edema and 
occasional small hemorrhages in the tracheal mucosa, (2) small hemor- 
rhages into the walls of bronchi and the piesence of red blood cells in 
the bronchial lumen, (3) emphysematous ovei distension of alveolar 
air spaces , (4) congestion, and in many places, edema of areas of lung 
parenchyma both inteistitial and interalveolar, (5) hemoirhagic extra- 

15 The animals were killed by a single sharp blow over the suboccipital 
region Death was instantaneous 
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vasations into the interstitial tissue of the alveolar walls with a great 
tendency for the hemorrhage to break into the alveolar air spaces, 
filling smaller or larger groups of them with red blood cells, (6) 
absence of ordinary cellular inflammatory exudate, (7) occlusion of 
numerous interalveolar and interstitial capillaries and arterioles by blood 
platelet thrombi Except for the vascular lesions, all the other phe- 
nomena were also observed by Olitsky and Gates in their experimental 
animals 



Fig 3— Section showing dilated and branching capillary occluded by blood 
platelet thrombus The endothelial cells of the capillary wall are swollen and 
at several sites can be seen to have undergone proliferation (X400 ) 


The changes in the tracheal and bronchial mucosa occur with great 
regularity Similarly, the tendency to emphysematous overdistension 
of the alveolar air spaces seems to be a characteristic phase of the 
pathologic process It is to be seen in parts of the lung parenchyma 
uhich show as yet no evidences of edema or of hemorrhagic extravasa- 
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tion It IS not caused by the mechanical presence of the injected 
material within the respiratory tract, foi by the time the first symptoms 
of illness appear in the inoculated animals (six or more hours after the 
injection) the inoculated fluid is undoubtedly entirely absorbed The 
cause IS more likely to be the nan owing of the bronchial lumina due to 
congestion and edematous swelling of the lining mucosa The presence 
of the profuse frothy mucoserous fluid within the lumen of the 
bronchial tree, also probably contributes to the respiratory difficulty 
The development of these changes in the bronchi is coincident with the 
onset of asthma-like breathing and the presence of numerous moist 
rales on auscultation of the chest of affected animals 

Congestion of the lung parenchyma is usually patchy m distribution, 
as IS the edema In large and small areas, both the interalveolar tissue 
and the lumina of alveoli are filled with serum Similarly, the hem- 
orrhagic extravasations are patchy m distribution and involve the 
interalveolar connective tissue as well as the lumina of alveoli These 
changes correspond with considerable accuracy to the lesions found in 
the lungs in the earliest human cases of influenza 

Blood Platelet Capillajy Thiomht — The minute inti acapillary blood 
platelet thrombi constitute a significant and conspicuous feature of 
most of the experimental material that has thus far been studied They 
have been found in the lungs of animals that were killed shortly after 
the development of the first manifestation of illness, and probably 
precede and are in part responsible for some of the features of the 
pathologic picture 

The occluded capillary loops are always widely dilated , the lining 
endothelium is swollen and often shows beginning proliferations, the 
lumen is occupied by a mass of blood platelets, scattered through which 
are sometimes a variable number of mononuclear and polymorpho- 
nuclear leukoc}’tes In the vicinity of such an obstructed capillary or 
minute arteriole, either edema or interstitial and intra-alveolai hem- 
on hages are usually present But similar changes can sometimes be 
seen m capillaries within areas of lung parenchyma which show as 
yet merely some inteistitial congestion and emphysema The lesion 
has also been seen in the mucous membrane of the trachea of these 
animals 

Emulsions and filtrates of the lungs of animals showing such lesions 
have induced the experimental disease when injected into the tiachea 
of other animals The virus has thus been passed in series through 
several transmissions and in each transmission the capillary lesions 
have been seen They, therefore, probably represent an essential and 
characteristic feature of the pathologic process m the earliest stages of 
experimental influenza 
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Absence of Chai actei istic Lesions in Conti ol Animals — This belief 
IS strengthened by the fact that we have not encountered this lesion of 
the lung capillaries in an extensive experience with human and animal 
pulmonary diseases We have repeatedly produced pulmonary infec- 
tions m rabbits by the intratracheal inoculation of various common 
pyogenic organisms such as the Staphylococcus aniens, Sti eptococens 



Fig 4 — Peribronchial arteriole Ihe lumen of the small bronchus, which 
occupies the lower half of the field, is filled with red bloods cells The 
adjacent arteriole which runs parallel to the long avis of the bronchus, is 
occluded u ith a blood platelet thrombus containing scattered polymorphonuclear 
leukocj'tes The endothelium lining the arteriole, more especially on the side 
adjacent to the bronchioles, is very evidently in the process of proliferation 
(X400) 

hcmolyticns, pneumococcus. Bacillus hipolans (distemper) and the B 
influenzae of Pfeiffer, and have never seen anything remotely suggest- 
ing it 

Neither the capillary thrombi nor any of the other features of the 
experimental disease could be produced by the intratracheal injection 
of umnoculated culture material In ordei to eliminate the possi- 



BAEHR-LOEU'E—INFLUE \Z4 


317 


bility that the pulmonaiy changes in our experimental animals might 
he due to a purely chemical action of the injected ingredients, the 
contiol culture mediums were employed aftei mcuhation at 37 C for 
vaiiahle peiiods of time up to fourteen months 

Significance of the Blood Platelet Capillaiy Tlvonibi — Changes 
similai to those seen in capillanes and aiterioles m our animal lungs 
have also been described m the eailiest stages of human influenza by 
Glaus and Fritzsche, Siegmund, Wintermtz and Klotz They have 
been seal died foi, though not found, by Maichand, Oberndorfer, 
Deitnch, Koopman and otheis ivho have also studied early examples 
of the disease This may, m pait, he due to the fact that m their human 
material the stage of secondar} infection had already begun with its 
consequent obscuiing of the primaiy pathologic lesions It is more 
probable, howevei, that the greatei fiequency with which the capillaiy 
blood platelet tin omhi occui m our expei imental material is due to the 
fact that a much gieatei concentration of virus is introduced into the 
respiratory passages of the experimental animal than is lesponsible 
for infection m human beings 

As a result of a pathologic study of two fulminating cases of the 
disease, Oherndoi fer was the first to voice the belief that the influenza 
virus pioduced a piimaiy damage on the intima of small vessels A 
similar viewpoint, based on a study of human material, has been 
expressed by Dietrich, Wintermtz, Klotz, Glaus and Fritzsche and 
Soerenson 

The lesions which we ha\e been able to pioduce experimentally by 
means of influenza filtrates and influenza cultures leave little room for 
doubt that the virus possesses a pecuhai affinity foi the vascular 
endothelium Numerous short sti etches of capillaries and arterioles 
become widely dilated, appaiently due to a complete loss in their normal 
tonus — and thiough their walls there occurs a great exudation of seium 
or a simultaneous extra^ asation of serum and red blood cells, which 
fills the interlobular and interalveolar connective tissue spaces and the 
alveoli in more or less sharply limited areas of vascular distribution 
The blood platelet thrombi which become deposited in some of these 
dilated and damaged capillaries and arterioles are also to be encountered 
occasionally in parenchyma which is not as yet involved m any serous 
or hemorrhagic extravasation, so that they undoubtedly also represent an 
expression of the pi unary damage to the vasculai endothelium They 
ai e certainly not secondary to the othei parenchymal changes 

Wintermtz laid especial emphasis on the frequency with which 
necrosis of interalveolar septa occurs, and he regarded it as one of the 
characteristic effects of the disease In the experimental material, 
necrosis and even rupture of interalveolar septum was occasionally 
encountered, but at the stage of the process at which the study was 
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Tiecesssnlv ma-dc, tins was not as yet a wide spread or conspicuous 
phase of the pathologic picture In one of the fulminating cases of 
Glaus and Fntzsche, which probably represented a stage of the process 
somewhat later than our experimental disease, they call attention to the 
fact that though the necroses are numerous, the capillary thrombi are 
also to be seen outside of the necrotic areas "'In many instances,” they 
state, “one can observe how the necrosis occurs in the immediate 
proximity of these thrombosed vessels ” The experimental observations 
confirm this viewpoint that the capillary thromboses precede the necrosis 
and are not secondary to it 

Aplasttc Charactei’ of the hifhammatof y Exudate — Perhaps the most 
striking feature of the microscopic picture in our experimental material 
and one which alone serves to differentiate it from any other type of 
pulmonary inflammatory process is the aplastic character of the alveolar 
as well as interstitial exudate An occasional proliferated endothelial 
cell IS encountered But unlike any other type of pulmonary infec- 
tion, no polymorphonuclear or other leukocytes are seen in the early 
stage of the process The exudate consists almost wholly of serum or 
of serum and red cells Although other pathologists have noted this 
unique feature of the process m early uncomplicated human influenza, 
Winternitz and his co-workers have especially emphasized the observa- 
tion that “in the early stage, one of the most outstanding features is 
the absence of polymorphonuclear leukocytes in the reactionary process ” 

As soon as the secondary bacterial invasion occurs, an extensive 
leukocytic invasion rapidly changes this phenomenon and thereby com- 
pletelj^ obliterates the specific features of the pathologic picture In 
the experimental animals such a transformation was observed to occur 
as earl} as forty-eight hours after the onset of the disease 

Yet even before this occurs, polymorphonuclear leukocytes are 
encountered in abnormal numbers within the blood platelet capillary 
thrombi At a time when the alveolar and interstitial exudate, except 
for red cells, is still absolutely aplastic, many of the thrombi in occluded 
capillaries and arterioles are seen to be invaded by occasional pro- 
liferated endothelial cells and by polynuclear leucocytes in fair numbers 
The aplastic nature of the other parenchymal changes would indicate 
that the virus of influenza does not possess the slightest chemotactic 
property The appearance of leukocytes only within the capillary 
thrombi is, therefore, probabl)’- initiated by the positive chemotaxis 
exerted by the presence of the damaged endothelium within these vessels 
In fact, their occurrence solely in the occluded vessels is evidence that 
damage has occurred at these sites and indicates that this damage, and 
not mere mechanical factors, is responsible for the blood platelet 
deposition 
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Wmternitz, Wason and MacNamara described a liemogeneous hyalin- 
like necrosis of the epithelium lining the trachea and bronchi, and, 
mainly foi this reason, they likened the pathologic picture of the disease 
to that pioduced by the poisonous gases employed during the war We 
have failed to observe this superficial necrosis m our experimental 
mateiial, as have most other pathologists in their early examples of 
human influenza Therefore, we feel that it is probably caused by a 
combination of the piimary damage to the mucosa and the secondary 
infection and that it represents a complication rather than an essential 
feature of the primary pathologic process 

SUMMARY 

The following pulmonary lesions were produced m rabbits by the 
intratracheal inoculation of Berkefeld filtrates of nasopharyngeal wash- 
ings from early cases of influenza or of cultures of the filtrable puncti- 
form bodies cultivated from such washings by Loewe and Zeman 

( 1 ) Congestion, edema and small hemorrhages in the mucous mem- 
brane of the trachea and bronchi 

(2) Presence of a profuse, slightly blood-tinged, frothy, serous fluid 
m the lumen of the bronchi 

(3) Diffuse patchy distribution of red, jelly-hke lesions throughout 
the lungs 

(4) Intense congestion of a large part of the intervening lung 
parenchyma and acute emphysematous overdistension of alveoli 

(5) Widespread exudation of serum and extravasation of red blood 
cells from the vessels, filling interstitial tissues and groups of alveolar 
air spaces 

(6) Aplastic character of this exudate 

(7) Aneurysmal dilatation of short stretches of capillaries and 
arterioles and sometimes closure of the lumen of these vessels at these 
sites by blood platelet thrombi 

(8) Tendency to early secondary invasion with pyogenic organisms, 
which then induce a rapid purulent infiltration, thereby completely 
obliterating the primary and specific picture of the disease 

These characteristics have all been observed m human influenza by 
pathologists who have had the opportunity to study the lungs of patients 
with fulminating disease who died within the first few days of their 
illness and before secondary infection had occurred The lesions as 
they occurred m these early cases have been regarded as constituting a 
specific pathologic picture Our experimental lesions correspond with 
considerable accuracy to those of human influenza and they cannot be 
confused with the changes produced by any other pathogenic organism 
either m human beings or m animals 
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The unubual nature of the pathologic process in influenza is appar- 
ently due to the fact that the virus of this disease possesses a remarkable 
aflinity for the vascular endothelium The virus gams access via the 
respiratory passages, and is rapidly absorbed through the mucous 
membrane of the trachea, bronchi and bronchioles Apparently, as a 
result of its peculiar endothehotoxic property, it then rapidly calls forth 
a profuse outpouring of serum and red blood cells m patchy areas 
throughout the lungs 

Further evidence of this vascular damage is to be seen m the com- 
plete loss of tonus m many capillary loops and in the early occlusion of 
many capillaries and minute arteroles by blood platelet thrombi This 
phenomenon, though observed m the lungs of some of the earliest 
human cases of influenza that were studied pathologically, can be 
regularly produced experimentally with influenza virus and influenza 
cultures and is of considerable pathogenetic significance 



n-lE MECHANISM OF THE DEVELOPMENT OF NON- 
BACTERJAL, CHRONIC CARDIOVALVULAR DISEASE' 


WILLIAM THALHIMER, MD 

Mil WAUKI I 

A fanly complete seaich Ihiough the litei.itme leveals no accniale 
knowledge oi satisfactoiy explanation of the pathologic pioccss which 
IS the basis of the piogiessivc development of chionic caidiovalvulai 
disease By chionic caidiovalvnlai disease is meant a chionic, non- 
bactcii.il, nomhenmatic disease of a hcait valve, oi of valves, which 
IS chai.icteii/ed at the neciopsy by maiked fibiosis of the valve cusps 
oi flaps sometimes causing maikcd distoition oi stenosis, at times with 
c.ilcaicons deposit in the valves, but unaccompanied by vegetations other 
than vciy small ones, such as aie dcsciibed in this pa])ci 

d he histologic changes m simple oi veil neons cndoc.aiditis aic well 
known, ,is aic those of the tciminal st.ige of the piocess which is 
usually, thiough imjiiopcily, tcimcd “chionic cndocai ditis ” The 
cause of the piogicssive ch.ingcs in nonbacteiial lesions of the heait 
valve, and the mechanism of these ch.inges, is veiy impeifectly 
undci stood 

It will he neccssaiy, be foie taking u]) this pioblem, to discuss the 
terminology and cl.issification of acute and chiomc diseases of the heait 
valves Many of the oldci tcims given to difleient types of caidiac 
disease have been found m.ijijiropii.itc m the light of iccent knowledge 
M.iny cases h.ivc ciioncously been teimcd acute cndocai ditis wheic 
theie was no acute mflammation of the endocaidium The tcini, how- 
evei, which piobahly has been most abused is “chionic” endocaiditis 
This tciiii should be discaidcd, as theic is m .ill piobabihty no disease 
of the heait v.ilvc which can he desciibcd as a “chionic” mflammation 
I'he only conditions that should be tcimed endocaiditis aie those which 
aie inflammatoiy m natuic, and in which the etiology of the infl.im- 
matoiy lesion of the endocaidium is known These aie bacteiial, iheu- 
m.itic and syphilitic endocaiditis As Libman suggests, the oiganism 
causing the hacteiial endocaiditis should always be included m the 
name of the lesion, such as “acute Slapliylococctts aweu<; endocaiditis ” 
In the same w.ay, “chionic myocaiditis” is usti.illy impiopeily 
applied Chionic infl.immation of the myocaiditim is veiy laie, indeed 
Most c.ises teimed “chionic myocaiditis” aie conditions entiiely cliff ei- 
ent fioiii this, such as myocardial weakness, mteiestitial fibiosis of 
the myocaichum, eithei localized oi diffuse, coionaiy aiteiy disease, etc 
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Libman^ differentiates sharply between cases of valvular defect 
alone and cases of endocarditis occurring with or without a previous 
valvular disease He describes a valvular defect as “a direct result of 
a previous disease process of the valve” The important point to be 
made clear is that a valvular defect is the result, or sometimes the end 
stage, of disease of a heart valve, and cannot, in any sense, be termed an 
endocarditis, acute or chronic Libman tabulates the causes of valvular 
defects as follows 

1 Rheumatic endocarditis 

2 Syphilitic endocarditis 

3 Atherosclerosis 

4 Congenital defects 

5 Traumatic lesions 

6 A previous bacterial infection, with recovery 

He classifies the varieties of “endocarditis” (not valcular defects) 
as follows 

1 Rheumatic 

2 Syphilitic 

3 Bacterial 

4 Terminal (verrucous) 

5 Indeterminate 

This terminology and classification is considered the best yet sug- 
gested It IS believed, however, that the term “endocarditis” should be 
eliminated entirely, and, m its place, the conditions should be termed 
acute or chronic cardiovalvular disease It is probably too much to 
expect that the term endocarditis will be given up, but it seems certain 
that the term chronic endocarditis will be dropped The term endo- 
carditis IS used herewith m connection with rheumatic fever and bacterial 
valvular disease, in order to conform with the present accepted 
terminology 

We are not concerned in this paper with bacterial infections of the 
endocardium, whether they are acute or subacute, or, as the latter is 
sometimes termed, chronic malignant endocarditis These conditions 
have been described well by Schottmueller, Horder, Osier, Libman, 
Rosenow and others The mechanism of the development of these 
lesions IS also well understood, whether considered as starting from a 
bacterial embolus in the valve, or whether they start from bacterial 
implantation on the valve Some phases of this mechanism, however, 
will be discussed later, as they have a bearing on the mechanism of the 
de\ elopment of chronic cardiovalvular disease 

1 Libman, E A Study of the Endocardial Lesions of Subacute Bacterial 
Endocarditis, Am J M Sc 14.4 313, 1912 The Clinical Features of Cases 
of Subacute Bacterial Endocarditis That Have Spontaneously Become Bacteria- 
Free, Am J M Sc 146 625, 1913 Some General Considerations Concerning 
Affections of the Valves of the Heart (Clinic of Dr E Libman, Mount S’nai 
Hospital New York ) 




Fig 1 — Verruca on mitral valve in a case of acute rheumatic fever, show- 
ing beginning organiration of hyaline thrombus deposit and reaction m valve 
beneath 
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Our problem narrows itself to this in what manner do chronic 
nonbacterial diseases of the heart develop, and what is the pathology 
and histology of this process ^ It is believed that the clue to the solu- 
tion of this problem is to be found in the correlation of the results of 
the study of certain small excrescences found in a number of abnormal 
or diseased conditions of the heart at different locations on the 
endocardium, but most often on the valves These conditions are con- 
genital cardiac disease, so-called simple or verrucous endocarditis of 
rheumatic fever, so-called terminal verrucous endocarditis, and ver- 
rucous endocarditis in practically all cases of chronic cardiovalvular 
disease These will have to be described separately, and it is also neces- 
sary to discuss bacterial endocarditis 

VARIETIES OF ENDOCARDITIS 

Bacterial Endocai dihs — The macroscopic and microscopic char- 
acteristics of bacterial endocarditis are well known and need no further 
description Reference can be made, in particular, to the articles of 
Libman ’■ 

The vegetations, except in acute fulminating cases, are comparatively 
large and rough, being warty or cauhflower-hke in appearance, or 
occurring as even larger, irregular masses In cases such as acute 
pneumococcus endocarditis complicating a pneumonia, the vegetations 
may occasionally be small and beaded, smooth and glistening The 
organism causing the lesion always can be demonstrated readily, how- 
ever, in either smear, culture or section, thereby differentiating these 
cases from the verrucae of acute rheumatic endocarditis 

In only a single group of bacterial endocarditis cases, namely, the 
bacteria free cases of subacute bacterial endocarditis, as described by 
Libman, are no bacteria found in the vegetations Nevertheless, there 
can be no doubt that Libman has demonstrated that bacteria caused the 
lesions and these subsequently become bacteria free 

Bacterial vegetations are always friable, unless calcified, and even 
then, they are usually friable They are made up of masses of blood 
platelet thrombus, mixed thrombus, bacteria scattered or in masses, and 
also sometimes of calcareous deposit Degeneration or necrosis of the 
thrombus material often occurs Organization takes place only to a 
slight or moderate extent at the base of the vegetation, except in Lib- 
inan s bacteria free cases, ivhere it may extend throughout the vegeta- 
tion In all other bacterial cases the surface of the vegetations is not 
covered by endothelium and it is usually not covered even in the bacteria 
free cases Bacteria growing in the thrombus form almost the entire 
surface layer but the bacteria may also be found far beneath the 
surface 

Occasionally small beaded vegetations occur alongside of large ones 
in subacute bacterial endocarditis uhich, if alone, might be confused 
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Fig 2 — Verruca on mitral ^alve in a case of acute rheumatic fevei 
tlian the one shown m Figure 1 ' 


Larger 
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macroscopically with acute rheumatic endocarditis Microscopically, 
they are easily differentiated, as they always contain bacteria Bacterial 
vegetations, therefore, are merely infected thrombi on the valves 

Simple 01 Ve) > ticous Endocat ditis of Rheumatic Fevei — This condi- 
tion IS so well described by Aschoff in his textbook on Pathology, that 
only the necessities of this article justify personal observations of this 
lesion This lesion is distinctive The gross lesion is sufficiently char- 
acteristic so that acute rheumatic fever, or one of its associated condi- 
tions (such as chorea), can be diagnosed m practically every case in 
which this lesion is found In a few hearts lesions have been observed 
that were so similar to those of verrucous rheumatic endocarditis that 
macroscopically it could not be decided definitely whether they were the 
lesions of rheumatic fever In all of these cases, when a positive opinion 
could not be formed, subsequent study of the heart failed to reveal 
Aschoff bodies, which are the specific, microscopic, myocardial lesions of 
acute rheumatic fever and its allied conditions In all hearts which were 
macroscopically regarded as representing a verrucous endocarditis of 
1 heumatic fever, Aschoff bodies were found in the myocardium 

Rheumatic \errucous endocarditis appears grossly as a beaded line 
along the line of closure of the various valves These beads vary in size 
from being barely visible to 2 or 3 mm in both width and height They 
may be either discrete or fused When fused they form a continuous 
line on one or more of the valve flaps or cusps When the beads are 
verj small they gi\e the line of closure of the valve a sandpaper-like 
appearance The lesions are either colorless, or grayish white, rounded, 
smooth and glistening They are never pedunculated but are always 
sessile The verruas are rather firm and tough, are not easily broken 
oft from the lalve and when picked oft, a small portion of the super- 
ficial tissue of the Aalve invariably comes off with them 

Microscopic Appearance The minute, beaded vegetations are 
composed entirely of an organizing, hyaline thrombus The connective 
tissue immediately beneath the endocardium furnishes fibroblasts 
through which the thrombus becomes organized The process of organ- 
ization can, therefore, be regarded as beginning in these tissue cells 
This area of actively growing connective tissue cells has all the char- 
acteristics of growing connective tissue elsewhere More plasma is 
pi esent between these cells than is found elsewhere in the valve The 
valve about the base of the thrombus and, at times, the tissue throughout 
the vah e, show s an inflammatory process This process is an infiltration 
with mononuclear leukocjdes, occasional plasma cells and polymorpho- 
nuclear leukocytes The endothelium on either side of the thrombus, 
w here it arises from the endocardium, shows a condition of active 
grow'th There is apparently an effort on the part of the endothelium to 
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F]g 3 — Terminal verrucous endocarditis, mitral valve, no organization of 
hyaline thrombus deposit and no reaction in the valve beneath it 
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grow up over the thrombus This new endothelium usually extends up 
on either side to a distance of from one-fourth to one-third of the sur- 
face of the thrombus The verrucas in the acute stage are infrequently 
completely covered by endothelium, though this always occurs with 
the older lesions This observation is at variance with that of Libman, 
who claims that the endothelium rapidly grows over and completely 
coA ers the small verrucous vegetations 

in different vegetations may be observed varying numbers of 
hyaline thrombi encroached on by granulation tissue Growing into the 
thrombus from its base, and from its side, the fibroblasts then attack 
these islands from their entire periphery and eventually convert them 
into a ball or whorl of granulation tissues, which become incorporated 
in the valve This has an important bearing on observations which will 
be reported on later 

A careful search has been made by Rothschild and Thalhimer for 
bacteria and protozoa m the vegetations and myocardium in many cases 
of acute rheumatic fever In no instance were any bacteria or protozoa 
found It may also be stated here that no organisms were ever found 
in Aschoff bodies This observation is of importance in relation to the 
contention of some authors that rheumatic fever is caused by a special 
type of streptococcus 

It could not be determined positively'^ whether the minute thrombi of 
the vegetations were secondary to a lesion of the endothelial layer of the 
endocardium, or of the subendothehal layer Beneath the very small 
lesions changes are present only in the most superficial layer of the 
endocardium These changes are so superficial that they seem to indi- 
cate that the primary lesions are essentially endothelial and not sub- 
endotheiial 

It IS of interest to note that Aschoff bodies,' or Aschoff cells, were 
nei er found in the \ egetations, in their base or in the valves Attention 
should be called to the fact that emboli never arises from the vegetations 
in cases of acute rheumatic endocarditis, since the vegetations are never 
friable enough to break and form emboli Where embolic phenomena 
occur 111 this condition the emboli must arise from thrombi situated else- 
w here than on the heart valves, such as from an auricular thrombus 

TciJinnal Vei i neons “Endocaiditis” — Terminal verrucous “endo- 
carditis occurs in patients who die after a long, slowly progressing ill- 
ness, such as carcinoma, tuberculosis etc 


2 In a studj made by Rothschild and myself (Rothschild, M A, and 
Thalhimer, W On the Significance of the Sub-Miliary Myocardial Nodules 
of Aschoff m Rheumatic Fe\er, J Exper M 19 417, 1914), a very careful 
search vas made in the Aahes of rheumatic hearts for Aschoff bodies tVe 
vere, and are still, at a loss to explain their absence here and their presence 
in the specific lesions of the m\ocardium 
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Pjg 4 — Terminal verrucous endocarditis, flat hyaline thrombus deposit on 
aortic valve No organi7ation of thrombus or reaction m the valve beneath it 
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There are present upon the heart valves of many of these cases very 
minute, colorless or gray, rounded, glistening, firm verrucse They are 
usually smaller than those in rheumatic fever, fewer in number, 
scattered, and never form a continuous beaded line 

Microscopically these terminal verrucas have identically the same 
structure as those caused by rheumatic fever, but there is no inflam- 
matory reaction in the valve, either near the verrucas or elsewhere The 
small vegetations are formed entirely of hyaline thrombi, usually bare, 
but sometimes covered partially or even completely by endothelium. 
Either no organization of this thrombus is present, or practically none 
There is no change in the valve beneath the verrucae which is in any 
way related to the process on the surface of the valve The small 
vegetative lesions have all the appearances of a recent process, without 
an}'' accompanying inflammatory changes and with only proliferative 
changes in the heart valve 

A Special Type of Veuiicous Endocai ditis Found on the Valves of 
Nonbacterial, Nowheiimahc Chionic Cai diovalvulai Disease — Ytv- 
rucous “endocarditis” in chronic cardiovalvular disease is believed to be 
of common occurrence and yet seems to have been either comparatively 
unnoticed, or regarded as unimportant I call attention to these lesions 
in the hope that others will verify the fact of their common occurrence 
and of certain structural valve changes associated with them 

On practically all thickened, fibrosed valves, careful inspection will 
reveal the presence of few or many minute verrucse, grossly and 
microscopically similar in appearance to the very small lesions of term- 
inal \errucous endocarditis They are specially common on valves 
presenting marked stenosis, such as “buttonliole” mitral stenosis In 
these extreme degrees of valvular defect the valve flaps are greatly 
thickened, very fibrous, usually uneven and often infiltrated with small 
or large amounts of calcium Very often one or both places of junction 
of the two mitral flaps have a superficial, or deep, cracklike defect, which 
has somewhat the appearance of an ulcer These cracks are at the ends 
of the buttonhole opening m the valve The edge of these ulcer -like 
lesions IS firm, irregular and slightly raised The bases are rough and 
dull in appeal ance, as though composed of poorly nourished or degen- 
erative tissues On or near the edge of the cracks, as well as on the 
rounded valve edges, are found a few, or many small verrucie These 
verrucous lesions in their macroscopic and miscroscopic appearance 
resemble both rheumatic endocardial verrcucse and terminal endocardial 
r erniCcC, and have some of the characteristics of both They are 
general!} larger than the terminal, but not as large as the rheumatic 
lesions They also are composed of hyaline thrombi usually bare, but 
sometimes co\ ered by endothelium They show different degrees of 




Fig 5 — Small flat verruca on mitral valve m a case of chronic cardio- 
valvular disease Organization is occurring and fibroblasts are scattered 
throughout the hyaline thrombus mass The surface is covered by endothelium. 
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organization, from a small amount up to complete fibrosis A slight or 
moderate grade of mononuclear cellular infiltration is quite constantly 
present at the base of the vegetation This may be present elsewhere 
m the valve, but usually is not 

The more organized verrucae very often revealed a whorlhke 
arrangement of the newly formed connective tissue and some ot the 
completely organized verrcuae are made up of \ ery dense fibrous tissue, 
with few flattened, densely staining nuclei Areas of hyalin (possibly 
thrombus) are found in some of the verrucas Microscopically the struc- 
ture of the valves is seen to be made up of dense, irregularly arranged 
fibrous tissue The dense fibers of this tissue are, in general, parallel 
to the valve surfaces, but a wavy or even a whorlhke arrangement 
of the fibers is often present These whorls are found with special 
frequency m flattened knoblike projections of the valves near the ver- 
rucse, and seem to be the result of the manner of organization of the 
verrucas The central portion of the valve often contains areas of 
hyaline degeneration 

The cracks mentioned above are bare of endothelium, which stops 
at the edge The base is made up of the fibrous tissue of the valve, with 
a layer of superficial degeneration, and here and there, small bits of 
hyaline thrombus A considerable degree of calcareous deposit is 
usually present along the edge and in the base of the crack 

Nonbacteual Endocardial Vegetations in Congenitally Abnormal 
Hearts — It is recognized that “endocarditis” commonly develops on 
vahes of congenitally abnormal hearts Necropsies have been per- 
formed in many of these cases and the cardiac abnormalities and gross 
appearance of the valves have been described carefully Unfortunately, 
the microscopic structure of the valve lesions has seldom been studied 
Bacteriologic investigations either have not been done at all, or have 
been unsatisfactory Sufficient care has not been taken to rule out post- 
mortem invaders of the heart’s blood when positive postmortem bac- 
terial cultures were obtained Very few cases were studied clinically 
by means of blood cultures Many of the important and most often 
quoted cases came to necropsy previous to, or during the early years of, 
the development of the science of bacteriolog> 

Nevertheless, quite a number of cases of “congenital heart disease” 
are recorded m the literature in which it has been proved that a super- 
^ imposed acute or subacute bacterial endocarditis occurred The heart 
valves have usually shown a chronic thickening and bacterial vegeta- 
tive process This fact directs attention to well known observations 
which are of importance One is, that the valves of congenitally 
abnormal hearts are prone to become thickened and fibrosed The other 
is that these compromised valves are susceptible to bacterial infections, 
just as IS the case with all chronically diseased heart valves 




Fig 6 — Verruca on mitral valve in a case of chronic cardiovalvular disease 
Organization is almost complete, onh two small unorganized areas of hyaline 
thrombus remain The newly formed connective tissue has a whorllike arrange- 
ment The surface is almost completely co\ered by endothelium The vege- 
tation IS flattened and almost complete!} incorporated into the \alve 
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Attention can now be directed to certain organic changes in con- 
genitally abnormal hearts and also to some personal observations of 
these changes 

A number of cases are on record in which endocardial thickening, or 
thickening of the intima of the large arteries which arise from the 
heart, has been observed at situations where abnormalities m the course 
of the blood stream through the heart have caused this stream to 
impinge on the endocardium or intima, or to put unusual strain on it 
These thickenings ha-ve also occurred at places where slowing of the 
blood stream, or eddies in it, have occurred Bacterial endocarditis has 
also been found at these situations Illustrations of this are lesions 
(bacterial or nonbacterial) in the pulmonary artery opposite an open 
ductus arteriosus where the blood has impinged, or around the pul- 
monary opening of the ductus where the stream has been slowed and 
thrown into eddies 

In addition, I have had the opportunity to study several congenitally 
abnormal hearts where nonbacterial vegetative lesions were present on 
the valves® To avoid repetition of what has gone before — the lesions 
bear a striking resemblance macroscopically and microscopically to the 
verrucx of rheumatic endocarditis, terminal endocarditis and those 
observed on chronically diseased valves 

PRELIMINARY SUMMARY 

The nonbacterial vegetations on the heart valves which have been 
described are formed of small thrombi on the valve These lesions are 
verrucous rheumatic endocarditis, terminal verrucous "endocarditis” 
verrucse on chronically diseased valves, and nonbacterial vegetations on 
the valves of congenitally abnormal hearts It is believed that the 
same conditions which govern thrombus formation m blood vessels 
govern the formation of a thrombus on a heart valve The underlying 
factors in thrombus formation are not understood perfectly, but a great 
deal of investigation of the condition has been made and the summa- 
tion of our knowledge of the subject is best given in the conclusions 
arrived at by Aschoff ^ 

So we see from all these experiments that the slowing of the blood stream 
and the alteration of the blood elements themselves, especially alterations of 
the platelets, are the chief factors m the production, not only of the static, 
but of toxic thrombosis, so far as we are concerned with thrombus formation 
in the flowing blood stream In static and similar types of thrombi the slow- 
ing of the blood stream is of primary importance, while for the toxic varieties 
the changes in the blood elements have the dominating influence 


3 One of these cases has been quoted m Dr Abbot’s article on Congenital 
Heart Disease, in Osier’s System of Medicine 

4 Aschoff L von Beck, B , and de la Camp, O Beitrage zur Thrombose- 
frage, Leipzig, Verlag von F E W Vogel, 1912 
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Fig 7 — Chronic cardiovalvular disease Whorls occur in the fibrous tissue 
of the aortic valve 
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The difterent types of chrome cardiovalvular disease and aseptic 
vegetations will be taken up separately, and a theory of the cause, 
development and end result will be advanced 

PROPOSED EXPLANATION OF MECHANISM OF DEVELOPMENT OF DIFFER- 
ENT TYPES OF CHRONIC CARDIOVALVULAR LESIONS 

Vo ) neons Rhenmattc Endocaiditis — There is sufficient evidence ot 
inflammation in the heart valve first, to term this process “endocarditis” 
and, second, to believe that the vegetations develop secondary to an 
injury to the valve, caused by the infectious agent of rheumatic fever, 
which IS at present unknown Undoubtedly, fibrosis develops m the 
valve as a result of the inflammatory process The inflammation is 
only moderate in degree and the amount of scar tissue which forms 
diffusely in the valve is only moderate in amount The valve is made 
slightly thicker and less elastic as a result of these changes The ver- 
rucse become organized, then converted into fibrous tissue, and this 
also adds to the irregularity and loss of resiliency of the valve Such 
a valve is less resistant to the strain which it must undergo m opening 
and shutting many times a minute and in withstanding the intracardiac 
pressure during the heart beat Its lessened elasticity will cause it to 
open and close somewhat more slowly than normally and this will, 
theiefore, cause slight slowing of the blood stream past the valve, and 
possibly, whirls or eddies m the blood stream These two changes in 
the blood stream are conducive to thrombus formation It is also con- 
ceivable that some unusual strain on the heart, and, therefore, on the 
somewhat compromised valve, might cause a minute injury to the valve, 
such as a microscopic tear in its endothelial covering In the presence 
of a slowed blood stream this microscopic surface lesion would tend to 
add another factor ton ard inducing a minute thrombus, i e , a ver- 
rucous vegetation, to form on the valve The subsequent organization 
and fibrosis of this vegetation would cause further thickening and 
fibrosis of the valve This would complete a vicious cycle consisting 
of recurring minute thrombi on the valve, very gradual thickening, 
with increasing susceptibility to further thrombi until a much deformed 
valve would result During the process of the slow development of 
this valve defect, extending over many years, the valve and heart 
apparently might be performing their function in a satis factorj'^ man- 
ner and no symptoms or physical signs be evident Finally, when a 
seiiously defective valve has developed the efficiency of the myocardium 
w ill become impaired and both symptoms and signs of chronic cardio- 
lahular disease will be manifested 

It IS well known that recurrent attacks of acute rheumatic fever are 
pi one to occur and often these recurrences each add marked insult to 
the already damaged heart vahes and hasten the development of a 
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Fig 8 — Chronic cardiovalvular disease, mitral valve Two, low, rounded 
projections of surface with whorllike arrangement of connective tissue of 
valve beneath each projection 
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valvular defect We must note that repeated rheumatic inflammations 
of the valves are undoubtedly sufficient, without any other agency, to 
produce e\en the severest grades of valvular disease It is, therefore, 
not necessary after repeated attacks of rheumatic fever have occurred, 
to hypothecate additional factors for causing the progress of sclerosis 
m the heart valves The surface lesions m cases of acute rheumatic 
endocarditis, however, present so many points of similarity to lesions 
on sclerosed valves, which are not rheumatic in orgm, that this simi- 
larity suggested the idea of the possible significance, cause and effect 
of all verrucous-like, nonbacterial vegetations in the development of 
chronic cardiovalvular disease 

It must be recalled that an appreciable number of cases of chronic 
cardiovalvular disease occur in adults who have a history of only a 
single attack of acute rheumatic fever occurring m childliood or early 
life These chronic valve lesions are attributed by clinicians to the 
previous attack of rheumatic fever The explanation has not been 
given of how the single trauma to the heart valves long before, causing 
no symptoms for many years, may finally be the cause of marked 
valvular defects and their consequences One attack of acute rheumatic 
endocarditis produces a comparatively slight valvular lesion This may 
give rise to no immediate symptoms or heart murmur It is evident that 
the ^alve defect, which is the final stage of the process, has developed 
slowly The cases under discussion give no history of subsequent 
attacks of acute rheumatic fever or other infectious diseases to account 
for the development of the severe valve lesion The explanation given 
here of recurring, minute verrucse, always followed by fibrosis, would 
satisfactorily account for the progressive change from a slightly 
damaged valve to a maikedly damaged one years later 

Vo) uccE in Chwmc N onbacterial, Nonrhenmatic Cm dwvalvulai Dis- 
ease These lesions must have some significance, and some effect 
Theoretic considerations, quite similar to those already stated, might 
also apply here Some general toxic or some distant infectious process 
might result in a primary trauma to a heart valve, such as bacterial 
toxins from a serious pneumonia, repeated attacks of tonsillitis, the 
virus of scarlet fever, etc Thickening of the valve follows, and these 
thickened valves have been found to be free from bacteria Thus, the 
process of valve thickening can be regarded as notibacterial in orgm 
The thickened valve is more susceptible to both normal and unusual 
strain Microscopic lesions form, followed by verruc^e, and these m 
turn, by fibrosis Following this, the sequence of progressive changes 
ma) occur in the same manner as has been described as possible after 
a single attack of acute rheumatic fever This may eventually produce 
marked stenosis with a shelflike formation at the line of valve closure 
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Cm-diovalvulai Lesions in Athei osclei osis — Fibrosed, thickened and 
stenosed valves, found in general atherosclerosis can be explained 
similaily The unusual amount of calcareous deposit in these cases is 
undoubtedly part of the process of athei osclerosis, probably initiating 
the valvular lesion and undoubtedly contributing markedly to its 
progression 

Aseptic EndocaidiHs and Chionic Cai diovalvulai Disease in Con- 
genitally Abnoimal Heaits — Congenitally abnormal hearts, which at 
necropsy show thickening and fibiosis of then valves, usually show no 
inflammatory reaction m the valves The thickening is similar to that 
found m chronic valvular defects m adults This does not include 
those with a superimposed bacteiial endocarditis 

It must be gi anted that abnormal openings in a heart, or stenosis of 
its valves, result in one or several occuriences, such as, slowing of the 
circulation in the heart, whirls or eddies in the circulation, direct 
impinging of the blood stream on abnormal endothelial sites, etc 

A heart of this type is working under a stiam This is exemplified 
clinically by evidence of cardiac insufficiency occurring more easily 
after muscular activity m persons who have congenitally abnormal 
hearts than in normal persons Poor or retarded physical development 
m children with congenital hearts is well known, and is another evidence 
of the inefficient cardiac mechanism Such a heart and its valves are 
undoubtedly abnoimally susceptible to a strain 

One can only consider hypothetically the possible result of this 
susceptibility to strain and of the abnormal course of mtracardiac cir- 
culation and attempt to correlate it with the findings in other similar 
conditions A few data of the effect of abnormal circulation and slow- 
ing of the circulation in the more common types can be brought forward 
before passing on to the theoretic considerations A number of cases 
are on record in which, m aortic insufficiency, valvelike structures 
similar to the valves m the veins, developed on the interventricular 
septum below the aortic valves This is the region where the regur- 
gitated blood passes back thiough the aoitic ring and impinges on the 
septum Also, thrombus formation, due to slowing of the circulation 
because of chronic cardiovalvular disease is not uncommon in the 
auricular appendages These appendages, because of their location, 
are more likely than any other structure to accommodate a slowed 
circulation or eddies in the circulation These lesions are marked 
evidence of the effect of abnoimal mtracardiac circulation and slow- 
ing of the blood stream 

It would seem, then, hypothetically, that the following is possible 
Congenital cardiac anomalies may cause the valves to be under an 
unusual strain fiom time to time Minute, endothelial bieaks, ciacks, 
01 damage may result After these changes have occurred, fibrosed 
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valves may develop gradually m the manner and by the mechanism 
already described Even larger vegetations may occur than those found 
m simple chronic valve disease The reason may be that in con- 
genital hearts the circulation is more abnormal, slower, and conducive 

o 

to the development of larger vegetations 

Tn mmal Vei ; kcohs Endocm ditis — These lesions can be considered 
to give the clue to the significance of similar valve lesions found in 
other conditions, and described above The verrucse, which are terminal, 
aie composed also of a hyaline thrombus and would seem to be 
induced both by slowness of the circulation, as vitality diminishes and 
death approaches, and, in some cases, by an increased coagulability of 
the blood Death usually occurs before these thrombi can become 
organized 

SUMMARY 

There is no satisfactory explanation as to why a slight nonbacteiial 
damage to a heart valve during childhood gradually progresses and years 
later results m a severe chronic nonbactenal cardiovalvular lesion The 
etiology of many of these chronic lesions is attributed by some observers 
to the direct action of bacteria Tins is undoubtedly erroneous They 
are entirely different from the lesions of bacterial endocarditis They, 
however, may be caused indirectly by bacteria through the effect of 
toxins 

The cause of the chronic valvular lesion in a case such as the follow- 
ing is not at the present time explained There is either no history 
of an original insult to the heart valve, or there is a history of a single 
insult in childhood or youth No subsequent symptoms of cardiac 
disease developed, and also, no heart murmurs, or only very slight 
murmurs For many years there are no symptoms or signs of a lesion 
of the heart valve Then, either slight or mild cardiac symptoms are 
manifested, at which time a heart murmui is found, or, no heart symp- 
toms being present, the murmur is discovered during a routine physical 
examination After this there is a moie rapid progression of the heart 
lesion and the heart symptoms 

The question which suggests itself is, why has the lesion become 
manifest at this time, and what has occurred to the heait valve in the 
interim between the original insult to the valve and the later develop- 
ment of the valve lesion? The following argument is presented as a 
possible explanation of what has occurred There was an original 
insult from one or more of the following diseases scarlet fever, measles, 
tonsillitis, pneumonia, etc The best evidence indicates tliat the slight 
cardiovah ular injur}’^ which occurs during these diseases is not caused 
by a deposit of bacteria in or on the valve These lesions are, therefore, 
nonbactenal (The occasional case of frank pneumococcus endocarditis 
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and olhei cases of bacteiial endocaiditis are not being considered here ) 
The nonbacteiial piocess in the valve resulted in slight oi mild fibrosis 
The change in the valve was not seiious enough to impair the heait 
function and cause heail symptoms , it may not have been even sufficient 
to have caused heait muimuis This slightly damaged valve, howevei, 
did not have the lesiliency, elasticity and leseive of a normal valve 
The oidinary woik of the heart put a stiain on it With the slight 
thickening of the valve a slight abnoimality of the cn dilation over and 
aiound the valve occuiied, which resulted in slight whiils or eddies, 
01 slight slowing of the blood stream Activities such as heavy lifting, 
oi exeicise, may have lesulted in so much strain that a microscopic 
damage, which would not happen normally, was inflicted on the 
endothelium of the Adlve At the site of this damage a minute thrombus 
was deposited The whiils in the circulation about the valve, or the 
slight slowing of the blood stieam, helped m the foimation of this 
thiombus This thiombus is the aseptic, veriucous, endocaidial lesion 
01 vegetation desciibed herein This veiiucous vegetation became 
oiganized, then fibiosed and incorporated in the valve, adding to its 
thickening and fibiosis This piocess still furthei lessened the elasticity, 
lesihency, etc, of the valve and lendeied it more liable to subsequent 
minute injuries, veiitica;, and the lesult of organization of these verrucee 
Thus, a VICIOUS cycle is completed, each minute injury and its repan 
lendering the valve moie susceptible to further injury 

It IS a common obseivation that mild degiees of thickening in the 
heart valve aie found at necropsy, which have caused no murmurs or 
heait symptoms during life Therefore, it is conceivable that the 
progiessive change in the heait valve, which has been hypothecated 
above, gives use to no heart muimurs oi heart symptoms until a 
certain stage is reached By that time quite a marked change in the 
valve IS piesent This maikedly changed valve is especially susceptible 
to injuiy, and after this stage occuis, fuither progress in the lesion is 
moie rapid With the defoimity oi defect in the valve which eventually 
develops, the function oi mechanism of the heait becomes affected and 
cardiac symptoms appear 

The mannei in which a cardiovalvulai defect eventually causes 
sufficient distuibance in myocaidial function to piecipitate signs or 
symptoms of myocardial insufficiency is not yet completely undei stood 
Some subjects may go for years with a maiked mitral stenosis and a 
pel fectly compensated heart Some subjects with no lesions of the 
heart valves may die from myocardial weakness due to one of many 
causes, such as, coronaiy aitery disease, so-called cardiac rheumatism, 
toxemia of a severe infectious disease, etc 

It would seem that a valvulai defect, even a serious one, if the 
myocardium has not also suffered damage, in many cases exists for 
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a long tune before the interference with the cardiac function which 
follows causes insufficiency of the myocardium There is great need foi 
investigation of the manner in which chronic valvular defects cause 
deleterious functional and organic changes in the myocardium 

The evidence which has been presented to explain the progress of 
chronic, nonbacterial cardiovalvular disease is not necessarily conclusive, 
and it might be considered that the hypothesis has not been proven 
All stages of the piogiess in these valve lesions are not available for 
study, but the similarity of the verrucous lesions in all the conditions 
described strongly indicates that a simple, fundamental process is the 
basis of all of them This process seems to be an attempt at repair 
It IS evidently an imperfect attempt, such as occurs in aiterial thickening 
in atherosclerosis It is, therefore, another imperfect adaptation of 
the protective processes of nature The repair of the heart valve results 
in fibrosis, lessened resistance to strain, more damage and consequent 
progress of the vicious cycle which has been established In some cases 
even marked stenosis of the valve may result This is an imperfect 
result of lepair by nature, just as an aneurysm which occurs in athero- 
sclerosis is the result of an imperfect repair Other instances of the 
result of an imperfect adaptation of nature for the purpose of repair, 
are thrombosis in a blood vessel and its sequels, stenosis of the coronary 
artery in atherosclerosis, etc 

It IS hoped that these hypothetic considerations, in spite of thei^ 
possible incompleteness or imperfections, may direct attention to the 
processes described, and if the hypothesis is not justified by subsequent 
observation, that it may stimulate other investigations of the cause of 
development and progression of chronic cardiovalvular defects 
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BRONCHOSPIROCHETOSIS IN CHINA* 

ERNEST CARROLL FAUST, PhD 

PEKING, CHINA 

Bronchospiiochetosis was fiist discoveied by Castellani m 1905 m 
patients seen in Ceylon The spiiochetes which he found to be the 
causative agents of the disease weie desciibed by him in 1907 undei 
the name of Spn ochacia hioncliialis About the same tune Beitaielli 
and Volpma noted spiiochetes m the sputum of peisons suffeimg fioni 
heait disease, while Rona found similar oiganisms m cases of pulmonaiy 
gangiene Since then instances have been lepoited from many localities 
Luiie ^ recoided the piesence of the disease m China, although the first 
and only published case histoiy I have been able to find is that of 
Lee - from Wusih 

In Mew of the widespiead incidence of bionchospiiochetosis in 
Europe, Noitli Aineiica and m paits of Asia (Ceylon, Philippines and 
Siam), I have been suipiised to find records of the infection almost 
wholly lacking foi China In collaboi ation with Dr C Me A Wassell 
I started an investigation of the subject at the Chuich General Hos- 
pital, Wuchang, among patients suffeimg fiom hemoptysis, and dis- 
covered that the peicentage of cases AMth hi onchospii ochetidial involve- 
ment was maikedly high Examination of suspected cases m othei 
localities in China has leA'^ealed a similai condition 

Etiology and Desci iption of the Paiasitc — The disease is due to 
infection with a spirochete known as Spu onenia bi onclunlc The infec- 
tion has been lefeiied to as “Castellani’s hionchitis,” “hionchopneu- 
monial spirochetosis” and “bionchospiiochetosis ” The oigamsm is poly- 
moiphic, with size vaiiations of from 5 to 25 microns m length and 
from 0 2 to 0 3 micions in width, depending, m pait, on the stage of 
development Typical individuals have acuminate ends and fiorn five 
to seven coils Thus the oiganism as seen may be thick and short 
with few undulations oi it may be thin and delicate with seveial coils 
Since the short foims with few coils lepiesent stages that have 
recently aiisen from dmsion of the paient oiganisms they are less apt 
to have pointed extremities than longer individuals The organism 
may he viewed eithei in fiesh sineais Avith daik-giound illumination 

* Contribution fiom the Parasitolog-y Laboratoiy, Department of PatboIogj% 
Peking Union Medical College Read befoie the Peking Branch of the China 
Medical Missionary Association and the Faculty Medical Club of the Peking 
Union Medical College, Nov 23, 1921 

1 Lurie, G A Notes on “Castellani’s Bronchospirochetosis,” with Report 
of a Case, J Trop M & Hj^g 18 269, 1915 

2 Lee, C M Bronchospirochetosis, with Report of Case China M J 32 
332, 1918 
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or m stained preparations I have found a 2 per cent aqueous solution 
of gentian violet well suited for such staining In many stained 
organisms multiple division forms (coccoid bodies) are seen These 
are believed to represent the infective stage and are thought to be 
transmitted by droplet spray in coughing and expectoration 

The life history of Spvonema bionchtale has been worked out 
definitely by Fantham ® who finds it to be a distinct species No 
intermediate host is required Moreover, Chalmers and O’Farrell ^ 



Fig 1 a, Vegetative organisms b, Division forms Note clear spaces 
lietween chromatin areas X 720 


hate shown by experimental infection of man and monkeys that this 
is the actual causal agent of bionchospirochetosis 

The diagnosis is made by examining the sputum in a suspected case 
and finding the organism, S onchjale, wdnch may be differentiated 

3 Fantham, H G Spirochaeta Bronchialis, Cast 1907, together with 
Remarks on the Spirochaetae of the Human Mouth Ann Trop Med & 
Parasitol 9 391 1915 

^ Chalmers, A J and O’Farrell, W R Bronchial Spirochetosis, J Trop 
M fi. Hjg 16 329, 1913 ^ 



FA UST—BRONCHOSPIROCHETOSIS 


345 


from the buccal spirochetes by ascertaining (1) that it comes from 
the exudate of the trachea or bronchi, and (2) that it is not associated 
with the fusiform bacilli of Vincent’s angina Thus far, aside from 
size, actual morphologic differences from the mouth spirochetes have 
been difficult to demonstrate 

The disease may be simple or it may be complicated with pneu- 
monia, pulmonary gangrene, empyema, tubeiculosis of the lungs, moni- 
liasis, paragonimiasis or rhmitic spiiochetosis While a certain pro- 
portion of cases m China will be found to be free from complications, 
a large share of them will probably prove to be piimarily cases of 
pulmonary tuberculosis with a complication of bronchospirochetosis 
In either instance it is extremely important to examine for these 
spirochetes the sputum of all persons giving a history of hemoptysis If 
the spirochetes is found to he the primary agent of the disease, relief 
is easil} effected If the disease is complicated by some other infection, 
then spirochetosis can be eliminated, leaving the physician free to treat 
the primary agent of the disease 

Bronchospirochetosis may manifest itself as an acute attack or it 
may be chronic or subacute in its nature In acute cases a chill 
develops, then fever, which, according to Castellani, seldom exceeds 
39 5 C This lasts for from two to eight days, during which time the 
patient coughs almost continuously and complains of pains all over 
the body The expectoration is scanty, y ucopurulent, very seldom 
containing traces of blood This type is not likely to be found often 
m clinics m China, since the patient is reluctant to consult the physician 
until Chinese medications have been found ineffective While arsenicals 
produce rapid relief, the clinical symptoms may disappear even without 
treatment 

In the subacute type the general symptoms are similar to those of 
the acute type, but there may be hemoptysis and bronchitis, with slight 
crepitations 

In the chronic type the disease may ha-ve been slow and insidious 
m onset, or the patient may give a history of previous acute attacks 
When he comes for treatment he has a chronic cough, the sputum is 
mucopurulent, often bloodstreaked, while in many instances there is 
considerable hemoptysis There may be moist or dry rales or consoli- 
dation areas 

In many cases there is a daily rise of temperature, sometimes 
reaching as high as 40 5 C This is the usual type of patient to be 
dealt with in China, who will present himself at the tuberculosis clinic 
In most instances rest and treatment with liquor potassii arsenitis 
(Fowler’s solution), cacodylates, arsphenamm, or neo-arsphenamin, 
will bring about rapid recovery and apparent cure 
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Cases of lung gangrene,' empyema, fetid bronchitis and rhinitis are 
on record, in which Spvonema bi07ichtale or a similar organism has 
been the only pathogenic body isolated, but such instances are rare 
compared with the usual chronic type 

Prelimmarj inquiries have revealed the presence of bronchospiro- 
chetosis in the following centers in China Amoy, Nanking, Wusih, 
Wuchang, Pao Ting Fu and Peking 

Through the kindness of Dr J P Maxwell I can report three cases 
of simple bionchospirochetosis from Amoy, Fukien Province, with 
no microscopic evidence of tuberculosis Two of the patients were 
Northern soldiers, while one was a native of Fukien Province They 
were probably all of the chronic type, with a variable amount of sputum, 
often streaked with blood Treatment with tonics and potassium lodid 
was helpful ‘*as far as immediate results were concerned ” 

Out of five cases found positive for tubercle bacilli in the sputum in 
the Nanking Hospital m September, 1921, four were also positive for 
SpvoneJna bioncJnale These were all chronic cases Dr Hutcheson 
has recently found several cases of simple bronchospirochetosis 

Lee’s lecord ^ for Wusih was that of a chronic case, with a history 
of hemoptysis Repeated examinations for tubercle bacilli were unsuc- 
cessful Sodium cacodylate per orem brought about rapid recovery 
In September, 1921, Dr J H Wylie of Paotingfu brough me smears 
of sputum which contained Spnonema bioiicJmle in large numbers 
Several examinations by Di Wylie revealed no tubercle bacilli On 
entering the hospital, the patient had marked hemoptysis, which 
reclined every three or five days He was quite anemic He remained 
in the hospital about three weeks, during which time he was given three 
intravenous injections of neo-arsphenamin, the first consisting of 045 
gm and the second and third of 0 6 gm each After the third dose 
his sputum was free from spirochetes Other cases have more recently 
come to Dr Wjdie’s attention, including one with a history of syphilis 
and one in which death resulted from pulmonary tuberculosis 

I have moie recently been able to confirm the presence of the para- 
site in patients in Peking giving similar clinical histones 

Thiough the kindness of Di C McA Wassell I have had an 
oppoitunity to stud}'- several cases of bronchospirochetosis from the 
Church General Hospital, Wuchang Five of these cases ha\ e been 
avai’able for analysis and aie briefly piesented here 

REPORT CF CASES 
Case 1 — Chronic Type (Chart 1) 

Histoiy Chinese soldier, aged 25, complained of profuse expectoration, 
about 300 cc per day, blood streaked, loss of weight, painful cough and fever 
FainiK historj negative One friend died of heinoptj'sis lecentlv At 11 
jears of age he had profuse nose bleeding At 20 he had tertian malaria At 
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21 he had gonorrhea June, 1920, he had blood-tinged expectoration and was 
treated by a native doctor He has not been well since He ha*- had recurrent 
attacks with fever, expectoration, but no night sweats Two months previously 
he suffered exposure on a long march, resulting in coryza and profuse expec- 
toration This condition 'prevailed up to the time of his examination 

Physical Examination — On admission to the hospital the patient’s tempera- 
ture was 38 5 C , pulse 76 and respirations 20 He was physically weak, 
hollow eyed, with cold perspiration all over the body His mind was clear, 
eyes reacted normally, and skin was of a good color Nose, lips, palate and 
pharynx were slightly congested The teeth showed some caries as well as 
pyrrhea Neck glands were slightly enlarged in left submaxillary region but 
without fluctuation Larynx was without tracheal tugging Chest was without 
deformation and with normal respiration On percussion a dulness was dem- 
onstrated m the right axilla above the liver and m the right scapular area 
The right lung above scapula showed coarse crackling rales, which were quite 
audible on soft coughing Fine moist rales were found in the right midaxillary 
line between the eighth and ninth ribs The bones and extremities were normal 
Reflexes, normal 



Chart 1 — Wuchang Case 1 Simple chronic bronchospirochetosis 


Laboiatoiy Data — ^The sputum was negative for tubercle bacilli after 
repeated examinations, but was positive for spirochetes after rinsing of the 
mouth The feces were positive for ascaris, ancylostoma and cysts of Endameba 
dysentencc and E coh The urine gave an acid reaction, was orange in color 
and had a specific gravity of 1 030 On entrance the blood was positive for 
Plasmodium vivax, showed a red count of 4,450,000 and a white count of 12,700, 
with 75 per cent hemoglobin Eosinophils were 12 per cent A tentative diag- 
nosis of bronchospirochetosis and tertian malaria was made 

Clinical Data — On the day after admission, the patient was treated intra- 
venously with 0 6 gm of neo-arsphenamin The temperature remained between 
37 5 and 382 C for five days, although there was a general note of improvement 
On the seventh day the temperature rose to 38 5 C , whereupon a second admin- 
istration of neo-arsphenamin was made (0 6 gm ) The temperature then 
returned to normal and remained so until the patient was discharged Blood 
examination on the fifth day showed a slight increase m reds (4,864,000) and 
a decrease in whites (9,100), with a marked reduction in eosinophils (6 3 per 
cent ) The reds increased to 6,000,000 on successive examinations, while the 
white count was reduced to 7,000 The eosinophils remained high until clinical 
syiuptoms disappeared On the eighth and successive days the spirochetes were 
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not found in the sputum At the same time the lungs became clear, the rales 
and dulness disappeared and the general condition of the patient was markedly 
improved He was discharged on the ninth day and three months later showed 
no recurrence 

Case 2 — Chronic Type (Chait 2) 

History —Chinese farmer, aged 18, complained of dyspnea, cough, expectora- 
tion and at times hemoptysis , also ulcers of feet due to wearing grass shoes 
Family history negative No disease of childhood, except chronic profuse 
expectoration since 9 years of age, with hemoptysis at 12 years 

Physical Examination— On admission to the hospital, the patient’s tempera- 
ture was 374 C, pulse 100, respirations 24 He was of ordinary build and 
fairly well nourished Intelligence good, speech alert Skin good, intact 
except for ulcers on feet Membranes of both nares red, inflamed Lips inflamed 
and feverish Pharynx without exudate, tonsils normal Teeth and gums good 
Palate normal, no laryngeal tugging Glands in neck enlarged on both sides 
along sternocleidomastoid muscles Thyroid somewhat enlarged, no pulsations 
Chest full, normal Dyspnea Right axillary space dull to percussion Breath 
sounds over right axillary space hard and tubular Few fine rales under right 
nipple and over right base along spinal border Extremities normal except for 
ulcers on feet 

Laboratoiy Data — Sputum negative for tubercle bacilli after repeated exam- 
ination, but positive for spirochetes Feces positive for ascans Urine, a light 
straw color, acid in reaction, with a specific gravity of 1005, positive for traces 
of sugar On entrance, the blood was negative for malaria, with a red count 
of 4,000,000 and white count of 8,700 Eosinophils numbered 18 per cent An 
admission diagnosis of bronchospirochetosis and ulcer of the foot was made 
Clinical Data — Soon after admission the patient’s temperature rose to 
38 1 C , then dropped to 36 8 C On the tenth day, 0 45 gm neo-arsphenamin was 
administered intravenously The temperature was reduced and remained near 
normal until discharge, twenty-six days after entrance Spitochetes disappeared 
from the sputum two days after administration of the arsenical and did not 
reappear Meanwhile the blood picture improved (red count 4,700,000, white 
count 6,800) although the eosinophiha remained pronounced (from 16 to 17 5 
per cent ) The patient was discharged as improved 
Case 3 — Chronic Type 

History — Chinese soldier, aged 25, complained of weakness, profuse expec- 
toration, bad cough, hemoptysis Family history negative Patient had no 
illness up to the age of 24 years, at which time he had hemorrhages, cough and 
weakness This continued intermittently, becoming more pronounced after 
extra exertion 

Physical Examination — On admission to the hospital the patient’s tempera- 
ture was 36 0 C, pulse 90 and respirations 20 His general appearance was 
normal Skin negative Nose slightly inflamed in left turbmal area Lips, 
teeth, palate, neck and larynx all negative Chest with moist bubbling rales 
along both borders of sternum and at left apex Extremities and bones negative 
Laboiatory Data — ^The sputum was negative for tubercle bacilli on suc- 
cessive examinations but was positive for spirochetes The feces were positive 
for tnchuns Urine was negative On admission the red cells numbered 
6,100,000 and the white cells 5,000 Eosinophils were 20 per cent A tentative 
diagnosis of bronchospirochetosis was made 

On the day after admission when a rise in temperature was observed, the 
patient was treated with 045 gm neo-arsphenamin This caused improvement 
so that on the fourth day the sputum became negative for spirochetes, and the 
eosinophiha was reduced one-half The general improvement of the patient 
w’as soon observed He left the hospital on the sixth day, but returned two 
days later for a second administration of 045 gm neo-arsphenamin He was 
apparently helped 
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Case 4 — Pulmonary tuberculosis complicated by bronchospirochetosis 
(Chart 3) 

History —Chinese soldier, aged 24, complained of expectoration and dyspnea 
Family history negative Past history with record of smallpox, malaria and 
gonorrhea Two months previously patient noted pinkish sputum and felt ill 
He had night sweats and afternoon fever He became weaker day by day with 
increased dyspnea Stool was fluid since attack 

Physical Examination— On admission the patient’s temperature was 378 C, 
his pulse 126, and his respiration 26 Nutrition poor, malaise Anemia pro- 



Chart 3 Wuchang Case 4 Pulmonary tuberculosis complicated by broncho- 
spirochetosis 


nounced in eyes, lips, skin and gums Neck glands hard, no enlargement or 
pulsation Tactile fremitus decreased in right axilla Dulness over a triangular 
area under right axilla and behind this area Moist rales above and between 
these areas Kxtremities and bones negative Reflexes normal 

Laboiatoiy Data — ^The sputum was positive for tubercle bacilli and for 
spirochetes Feces were positive for ascans and for Endameba coli cysts 
Urine nas yellow, acid in reaction, of a specific gravity of 1010, with a slight 
trace of sugar The red count was 4,400,000 on admission while the white 
count was 10,500 Eosinophils were less than 1 per cent A tentative diagnosis of 
pulmonarj tuberculosis and of bronchospirochetosis was made 
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Clinical Data — Two days after admission, 06 gm neo-arsphenamm was 
administered intravenously This was followed by profuse sweating and a chill, 
with a reduction of temperature to 35 0 C After two days it mounted to 37 8 C 
On the sixth day, a second administration of 0 6 gm neo-arsphenamin was 
given, which was followed by a chill Temperature remained irregular up to 
the time the case left the hospital The sputum was negative for spirochetes 
after the fifth day but remained positive for tubercle bacilli The red cells rose 
to 5 745,000 and the white cells were reduced to 6,700 after one week’s time, but 
the general condition of the patient did not improve 

Case 5 — Pulmonary tuberculosis complicated by bronchospirochetosis 
History — Chinese cloth-weaver, aged 29, complained of cough, tightness in 
chest, dizziness, borborygmus, fever and pain in right breast One sister and 
an intimate friend gave histones of hemoptysis Diseases of childhood were 
confined to malaria and epistaxis A year ago the patient had coma and numb- 
ness of the extremities, followed by dyspnea and dizziness about once a month 
Patient denied having night sweats or afternoon fever or any exposure Three 
months ago he had chills and fever followed by^ cough and sore throat A 
white mucoid expectoration developed and a month later blood was found in 
the sputum This continued intermittently until he entered the hospital 

Physical Examination — On admission the patient’s temperature was 384 C, 
his pulse 88, and his respirations 20 He had a well developed body, was well 
nourished, although slight anemia was evident The lips were dry and feverish 
Gums showed anemia Tonsils, palate and pharynx were negative No enlarged 
neck glands Dulness in right lung near scapula Rales were noted both on 
expiration and inspiration Extremities were normal Reflexes, normal 

Laboratory Data — ^The sputum was positive for spirochetes on admission 
and was later found to contain tubercle bacilli The feces were positive for 
ascaris The urine was yellow, gave an acid reaction, had a specific gravity 
of 1 018 and showed a slight trace of sugar The red cell count was 4,000,000 
and the white cell count was 12,000 Eosinophils were less than 1 per cent A 
tentative diagnosis of pulmonary tuberculosis and bronchospirochetosis was 
made 

Clinical Data — The day after admission, the patient was given 0 6 gm neo- 
arsphenamin, which was followed by a chill and profuse sweating For the 
next three days the temperature ranged JFrom 37 to 38 C On the sixth day a 
second administration of 0 6 gm neo-arsphenamin was given, which was without 
marked reaction The spirochetes disappeared from the sputum two days after the 
first injection of neo-arsphenamin The blood picture on the sixth day showed 
5,400,000 red cells and 6,900 white cells with no increase in eosinophils On 
the eleventh day the temperature and other symptoms showed such improvement 
that the patient asked to be dismissed 

DISCUSSION 

A survey of the Chinese cases of bronchospirochetosis indicates 
two things In the first place, a certain proportion of the subjects have 
pulmonary tuberculosis as a primary infection with a secondary 
spirochetosis Secondly, cases of simple bronchospirochetosis are usually 
of the chronic type, giving a history of recurrent cough and hemoptysis 
for a period of from one to ten years They differ markedly, then, 
from Chalmers and O’Farreirs experimental case ^ and from the cases 
cited by Bloedorn and Houghton ® In Chalmer’s case the infection 
was under observation from the day of its inception In each of 

5 Bloedorn, W A, and Houghton, J E Bronchial Spirochetosis, J A 
M A 76 1559 (June 4) 1921 
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Bloedorn and Houghton’s cases only a few days elapsed from the time 
the patient noticed the acute attack until he came to the hospital for 
treatment In simple acute cases the picture is uncomplicated by other 
activating agents of disease The observations are easily made and the 
symptoms are readily attributed to the single infective agent These 
cases are also easily studied from the temperature graph 

Chinese cases are not so readily reduced to simple formulas. 
Granted that acute attacks of bronchospirochetosis are not uncommon 
among the Chinese, the fact that the patient in many communities 
comes to the hospital as a last resort means that the case has run a 
considerable course and has probably recurred several times before the 
physician has an opportunity to observe and treat it The temperature 
in such chronic cases is lower and less regular than in acute cases 
When the primary infection is pulmonary tuberculosis, both temperature 
and pulse are erratic and remain irregular after the spirochetes dis- 
appear from the sputum In other words, relief from the spirochetosis 
does not appreciably simplify the picture 

In acute bronchospirochetosis, arsenicals, injected intravenously, give 
immediate relief The fever drops, the pulse becomes regular and 
the respiration normal This important improvement is obtained from 
the initial dose but ordinarily a second and, perhaps, a third administra- 
tion are necessary for recovery Bloedorn and Houghton used 0 6 gm 
neo-arsphenamm as an initial dosage, followed by 0 5 gm (^), and 
then by 0 9 gm , repeated at weekly intervals The first three injections 
were apparently necessary for recovery, although immediate administra- 
tion of the arsenical on admission to the hospital, instead of two weeks 
later, might have reduced the amount of treatment necessary In the 
Chinese cases, in spite of the chronic nature of the infection, arsenicals 
are specific and relatively rapid in their spirocheticidal properties Wyhe 
gave an initial dose of 0 45 gm and a second and third dose of 0 6 gm , 
each A similar result was obtained for Wuchang Case 1, although 
the amount of neo-arsphenamin was slightly larger The temperature 
drops almost immediately after each injection and is not followed by 
chills and sweats as when complicated by pulmonary tuberculosis It 
remains nearly normal after the second dose, although the spirochetes do 
not usually disappear until some time later Furthermore, there is 
usually a marked general improvement The effect of this spirocheticide 
on the disease, even in an aggravated chrome stage, apparently meets 
Manson-Bahr’s objection ® that the causal relationship of Spironema 
bionchiale to the bronchial infection m which it is found has not been 
proved 


6 Manson-Bahr, P H Manson's Tropical Diseases, a Manual of the Dis- 
eases of Warm Climates, London, Cassell and Co , 1921, 960 pp 
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In tuberculous infections (Wuchang, Cases 4 and 5) the administra- 
tion of arsenicals eliminated spiiochetes from the sputum but did not 
materially relle^ e the patient Temperatui e and irregular pulse persisted, 
while no bodily improvement was noted 

The administration of potassium lodid, sodium cacodylate and other 
thei apeutic agents has been found valuable in bronchospirochetosis, but 
per orem treatments do not have such specific properties as does the 
intiavenous administration of arsenicals Single doses of the latter 
alleviate, but, apparently, a cumulative eftect is required for killing the 
spirochete 

A most interesting phase of the study of bronchospirochetosis is 
the blood picture In all cases on record there is a reduction m red 
cells and a reduced hemoglobin percentage The leukocytes may be 
either reduced, increased or normal In one of Chalmers and O’FarreH’s 
cases, an Arab, the red cells numbered 3,648,000 per c mm during the 
attack and 4,400,000 per c mm during the interval between attacks, 
with 80 per cent hemoglobin during the attack and 100 per cent 
m the interval There was a marked leukopenia, 2,719 per c mm , 
with eosinophils 2 6 per cent of the total 

Nolf’s case 2,^ the only one of his histones with a complete leukocyte 
pictuie, showed a slight leukopenia (from 4,400 to 4,800), with 1 per 
cent eosinophils 

The Chinese cases reviewed vary as to the red count, but all show a 
reduction in the number of cells and m the percentage of hemoglobin 
One case shows a leukopenia (5,000), one case is only slightly above 
normal, while three cases show a leukocytosis In each case the picture 
approaches normal with treatment Of greater interest, however, is the 
grouping on the basis of the eosinophils With tubeiculous complica- 
tion the eosinophil count, as observed, is less than 1 per cent In the 
other three cases (simple infection) eosmophilia is extremely high 
(from 12 to 20 per cent ) This high percentage is reduced after treat- 
ment It seems worth while, therefore, to inquire into the possible 
value of the eosinophil index as a means of ascertaining whether 
bronchospirochetosis, as determined by detection of the spirochete in the 
sputum, is a simple infection or constitutes part of a more complicated 
picture 

If one regards all varieties of spirochetes of the respiratory tract 
(exclusive of the mouth) as Spironema bronclmle, but capable of 
different manifestations, the organism must, then, be considered as 
highly adaptive However, Nolf’s organism differs considerably from 
the typical agent of bronchospirochetosis both m structure and in the 
eftect on the host It seems probable, therefore, that it belongs to a 

7 Nolf, P Fetid Spirillar Bronchitis and Pulmonary Gangrene, Arch Int 
Med 25 429 (April) 1920 
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difterent group There yet remain those types causing rhinitis, those 
with bronchial and lobar involvement and those with only bronchial 
infection There is also the record of bronchial spirochetosis with 
pleural involvement (Mason It seems possible that careful examina- 
tion will reveal all of these several types in China 

In cases that have been called to my attention, the spirochetes are 
more readily demonstrated in subacute cases than in chronic ones 
Furthermore, there is some evidence to support the view that they can 
be recovered more easily from mucopurulent sputum several hours after 
an attack of hemoptysis than in the blood streaked sputum 

While the records from China cited here are incomplete and show 
the need of further observation, it is hoped that these preliminary data 
will serve as a stimulus to observation of the disease in other centers 
111 China, and to more thorough study of both the clinical and laboratory 
evidence of the infection Such study is especially important m view 
of the widespread incidence of pulmonary tuberculosis in China 
Detection and treatment of simple infection with bronchial spirochetes 
will not only bring immediate relief to such cases but will reduce the 
amount of routine observation and diagnosis m suspected tuberculosis 
patients who do not react to tuberculin 

8 Mason, V R Pleural Spirochetosis, Johns Hopkins Hosp Bull 31 435, 
1920 



TETANY 

A REPORT OF C^SES WITH ACID-BASE DISTURBANCE 


SAMUEL B GRANT, MD 

BOSTON 

The symptoms of tetany occur m a number of widely differing 
conditions, such as disease of tlie stomach, overdosage with sodium 
bicaibonate, piolonged hyperpnea, absence of the parathyroid glands, 
and m infants as a clinical entity often associated with rickets Recently 
there has been a considerable amount of research into the physiologic 
phenomena underlying the increased initabihty of nervous and muscular 
tissues in these conditions, and various theoiies as to its etiology have 
been advanced The chief of these are that it is due to a disturbance of 
the acid-base equilibrium m the body and to a disturbance of the calcium 
metabolism ^ 

Acid-base disturbance, consisting of an increase in the ratio of 
sodium bicarbonate to carbonic acid, is found m overdosage with sodium 
bicarbonate, in prolonged hyperpnea and m pyloric obstruction The 
uniform hydrogen lon concentration of the body fluids is largely depen- 
dent on the maintenance of a constant ratio, according to the 

generally accepted view, and any marked increase in the ratio might 
be expected to result m a shifting of salt balance, and physiological 
disturbances m the body 

In overdosage with sodium bicarbonate (NaHCOg) this agent is 
added to the blood faster than it is neutralized or excreted, hence the 
“alkali reserve” becomes greatly increased,^ and there is piesumably 
an increase in the ratio In hyperpnea the carbonic acid m the blood 
IS decreased by washing out of carbon dioxid faster than sodium 
bicarbonate is decreased by excretion or neutralization, and there is 
thus a relative excess of alkali, and an increase in the ratio ^ In 
tetany with pyloric obstruction the explanation is held to be quite 
different Hydrochloric acid, formed by the reaction NaCl -j- HgCOg 
= H Cl -[- Na H CO3, IS secreted into the stomach, but in the presence 
of pyloric obstruction cannot pass through to the intestines to stimulate 
the alkaline intestinal secretion There is, therefore, left m the blood 

From the Medical Clinic of the Peter Bent Brigham Hospital 

1 Wilson, Stearns and Thurlow J Biol Chem 23 89, 1915 Wilson, Stearns 
and Tanney J Biol Chem 23 123, 1915 McCann J Biol Chem 35 553, 1918 
MacCallum and Voegtlin J Exper M 11 118, 1909 MacCallum and Vogel 
J Exper M 18 618, 1913 Howland and Marriott Quart J M 2 289, 1918 
Kramer, Tisdall and Howland Am J Dis Child 22 431 (Nov ) 1921 

2 Harrop Bull Johns Hopkins Hosp 30 62, 1919 

3 Grant and Goldman Am J Physiol 52 209, 1920 
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an excess of sodium bicarbonate This view is supported by the work 
of McCann,^ who reported an increase m the plasma carbon dioxid 
capaaty of animals in experimental tetany accompanying pyloric obstruc- 
tion MacCallum and his co-workers^ have added the observation 
that blood chlorids are reduced, and Hastings, Murray and Murray ® 
have found the blood sodium content also decreased It seems not 
unlikely that the chlorid content is reduced by the secretion of hydro- 
chloric aad into the stomach and loss by vomiting, and possibly sodium 
IS decreased by excretion in an alkaline urine 

Calcium deficiency in the blood has repeatedly been found in para- 
thyroid tetany® and in infantile tetany (Howland and Marriott,^ 
Kramer, Tisdall and Howland^) The majority of investigations 
indicate that there is no “alkalosis” in these conditions MacCallum^ 
Tokiiji and Togawa'^ and Hastings and Murray® were unable to find 
the increase of plasma carbon dioxid reported by McCann’- in para- 
thyroidectomized dogs Wilson and his co-workers ’ concluded, from 
studies of the dissociation constant of hemoglobin, the alveolar carbon 
dioxid pressure, the hydrogen ion concentration of blood and urine, 
the ammonia content and total acidity of urine, that there is an 
“alkalosis” in parathyroid tetany Greenwald® has recently advanced 
objections to the conclusions drawn from this work 

Noel Paton, Findlay and Watson® have found an increase in 
guanidm and methyl guanidin m the blood and urine in parathyroid and 
infantile tetany They corroborate the observation of other investiga- 
tors that administration of guanidin and methyl guanidm results in 
hyperexcitability very similar to that seen in tetany 

In a recent paper Freudenberg and Gyorgy have attempted to 
correlate all forms of tetany as being due, in the final analysis, to 
calcium deficiency in the tissues It is well recognized that such a 
deficiency leads to hyperexcitability in irritable tissues Their theory is 
based, among other things, on the observations that calcium umon with 
colloids may be influenced by changes in hydrogen ion concentration, 
by changes in calcium ion concentration, and by such substances as 
phosphate, acetate, nitrate and bicarbonate ions, and by protein deriva- 
tives with free amido groups, such as methyl and trimethylamin, 
guanidm, methyl guanidin, creatin, etc They state, that in conditions 
in which there is an increase in the ratio of sodium bicarbonate to 
carbonic acid, free calcium ions in the blood decrease, being added to 

A MacCallum, et al Bull Johns Hopkins Hosp 31 1, 1920 

5 Hastings, Murray and Murray J Biol Chem 46 223, 1921 

6 Hastings and Murray J Biol Chem 46 233, 1921 

7 Tokuji and Togawa J Lab & Clin M 5 299, 1919 

8 Greenwald Proc Soc Exper Biol & M 18 228, 1921 

Watson Quart J Exper Physiol 10-203, 1916 

10 Freudenberg and Gyorgj Tahrb f Kinderh 96 5, 1921 
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the total of calcium bound with colloids in the blood As a result 
of this, the equilibrium between ionized blood calcium and calcium 
bound with tissue colloids is disturbed, calcium enters the blood stream 
from the tissues, and increased irritability occurs The calcium content 
in the blood should, therefore, be increased, and, as a matter of fact, 
very slight increases in serum calcium have been reported m tetany of 
hyperpnea ^ and in tetany with experimental pyloric obstruction ® The 
occurrence of tetany without this acid-base disturbance they explain 
by the action of the protein derivative substances with free amido 
groups These directly restrict calcium union with colloids, thus decreas- 
ing tissue calcuim, and causing increased irritability Calaum enters 
the blood from the tissues, causing presumably an increased blood 
calcium content at the outset But by calcium excretion the equilibrium 
between blood and tissue is reestablished, blood calcium being adjusted 
to the lower level of tissue calcium In this process the percentage of 
diffusible calcium in the blood should not be altered, and Meysenbug 
and McCann have found the same percentage of diffusible calcium 
m normal blood and in the calcium poor blood of dogs with parathyroid 
tetany 

This theory of Freudenberg and Gyorgy,^® although very interesting, 
is by no means proved, and is not without objections For instance, 
the carbon dioxid tension of serum was varied from 17 to 62 mm 
by Meysenbug and lus co-workers without any detectable change in 
the percentage of diffusible calcium 

Luckhardt and Rosenblom found that tetany could be prevented 
in parathyroidectomized dogs by injecting Ringer’s solution intra- 
venously two or three times daily This procedure causes a marked 
diuresis, and presumably the elimination from the body of toxic sub- 
stances such as guanidm When the injections were stopped, symptoms 
of tetany developed Of particular interest is the observation of these 
investigators that calcium free Ringer’s solution produced the same 
effect as ordinary Ringer’s solution, tetany being prevented when it 
was injected, occurring when the injections were stopped, and ceasing 
when they were started again Thus, as the authors state, the produc- 
tion of diuresis is apparently more important than the administration 
of calcium in preventing tetany However, it cannot be concluded from 
the fact that calcium free Ringer’s solution prevented, tetany, that there 
IS no disutrbance of calcium balance in this condition Any procedure 
causing marked diuresis would probably have the same effect 

11 Meysenbug and McCann J Biol Chem 47 541, 1921 

12 Meysenbug, Pappenheimer, Zucker and Murray J Biol Chem 47 529, 
1921 

13 Luckhardt and Rosenblom Proc Soc Exper Biol & M 19 129 1921 
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Six cases of tetany m adults, in which various interesting points are 
illustrated, have been studied at the Peter Bent Brigham Hospital 
Four of these were observed by me, and two were taken from the 
case histones m the hospital records 

REPORT OF CASES 

C\SE 1— Hwfoiy— J E W (Med No 17581), a clerk, aged 20, entered the 
hospital Jan 13, 1922, with a history of intermittent epigastric distress, heart- 
burn, gaseous eructation, nausea and vomiting extending over a period of two 
rears For three weeks prior to admission he had had severe stabbing and 
cramping pains in the epigastrium, copious vomiting and spasms of the hands 
and feet, the latter occurring almost daily for about a week Because of these 
spasms there had been difSculty in handling small objects 

Examination — The Roentgen ray showed a greatly dilated stomach and almost 
complete pyloric obstruction Fractional gastric analysis disclosed marked 
hyperacidity, free hydrochloric acid in 10 cc of the fasting contents, and in 
three specimens removed at forty minute intervals after the test meal, titrating 
with 6 8, 8 5, 13 and 8 c c of decinormal sodium hydroxid, respectively 


Acid-Base Equilibrium in Case 1 
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* Method of Polin and Whitehorn 
f Method of Kramer and Tisdall 


Couise — ^With rest m bed and atropin, 0 0005 gm by mouth, three times a day, 
and the same dose hypodermically on five occasions during attacks of pain, the 
lomiting rapidly decreased, and in a few days the pains occurred only once m 
twenty-four hours On two occasions there were transient spasms of the hands, 
but unfortunately these occurred at about 2am, and were not observed There 
was a definite Chvostek sign of tetany, i e , tapping the face over the seventh 
nen e caused a contraction of the muscles of the upper hp Compressing the 
arm above the elbow resulted in tingling and numbness in the hands, and the 
fingers involuntarily became partially flexed, but no definite spasm occurred On 
reference to the accompanying table it is seen that January 18 the plasma carbon 
dioxid capacitj was found to be greatly elevated January 20, the plasma 
chlorids, and especially the whole blood chlorids, were reduced, the latter to 50 
per cent of normal Alter January 20 the epigastric pain and cramps ceased, 
and the patient did not vomit, except once January 22 and again January 25 
The plasrrm c^bon dioxid capacity and the plasma chlorids became normal by 
lanuary 26 On this day, after the blood analysis had been done, a large duo- 
denal ulcer was found at operation, and a gastro-enterostomy was performed 
Conialescencc was uneventful, and sjmptoms of tetany did not recur The serum 
calcium content throughout was within the upper limits of normal The fact 
that the w hole blood chlorid w'as so markedly decreased, compared with the 
relatneK small decrease of plasma chlorid, indicates that the blood cells must 
ha\e been virtually free of chlorin 
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Case 2 — History — G B B (Med No 14040), a foundryman, aged 43, with 
a history of abdominal pain and frequent vomiting for thirteen years, and 
occasional attacks of “cramps” in the arms and legs for five years, entered the 
hospital July 22, 1920, with well developed signs of tetany The forearms, hands 
and fingers were in continuous flexion 

Examination — The roentgen ray showed a dilated stomach and almost com- 
plete pyloric obstruction The plasma carbon dioxid capacity was 878 volume 
per cent 

Course — Sodium chlond was given per rectum, intravenously and by mouth, 
coincident with some improvement in the patient’s condition, but without evidence 
of the causal relationship of this therapy to the improvement, the patient having 
recovered from his previous attacks spontaneously The excretion of chlond in 
the urine was greatly below normal, analysis of twenty-four hour urine speci- 
mens of the second to the fifth day in the hospital showing 0 50, 15, 081, and 1 8 
gm , respectively This may be accounted for, m part, by the small amount of 
food which the patient was retaining Unfortunately, the chlond content of the 
blood was not determined The plasma carbon dioxid capacity remained greatlv 
elevated July 23, 24, 26, 27, 30 and August 2 it was 98, 96, 84, 77, 79 and 75 5 
volume per cent , respectively The patient’s general condition improved, and the 
soasm relaxed, but did not disappear completely Permission to operate for relief 
of pyloric obstruction was refused, and the patient was discharged against advice 
August 3, still having occasional attacks of vomiting, and spasm of the hands 
when at rest One year later it was learned that the patient was dead 

Case 3 — History — J W (Med No 6164), a stage hand, aged 55, entered the 
hospital Feb 19, 1917, with a history of epigastric distress and vomiting for 
three months, and rapid loss of weight The day before death, after three days 
of very frequent vomiting, he was found to have typical spasms of tetany in 
the hands and forearms One hour and fifteen minutes before death there was 
a “sort of convulsion,” the patient stopped breathing for a short while, and 
then breathed irregularly until death 

Nectopsy disclosed an annular constricting carcinoma at the junction of 
the duodenum and jejunum The stomach, pylorus and duodenum were greatly 
dilated Liver, gallbladder and bile ducts were normal Unfortunately, no 
blood analysis was done on this patient However, the case is interesting, inas- 
much as the obstruction was at the end of the duodenum, allowing the secre- 
tion of the alkaline bile and pancreatic fluids to be stimulated by the gastric 
contents Fractional gastric analysis had shown a normal amount of free and 
combined acid in the stomach contents Apparently the secretion of acid was 
relatively greater than that of alkali 

Case 4 — History — F L (Med No 14833), a female clerk, aged 23, was 
admitted to the hospital Nov 23, 1920, with gastric symptoms of three years’ 
duration 

Examination — The roentgen ray confirmed the diagnosis of gastric ulcer, 
and treatment by the Sippy method was started 

Course — Because free acid persisted in portions of the gastric contents 
removed during the night, administration of alkali was rapidly increased, until 
the patient was receiving 10 gm sodium bicarbonate every hour, and 1 2 gm 
magnesium oxid and 3 gm calcium carbonate at alternate hours from 7 30 
a m to 7 30 p m At the end of the fifth day of this medication she felt 
nauseated, vomited once, for the first time during treatment, and noticed a 
prickling sensation in the hands, and “stiffness” in the face The mouth became 
somewhat puckered up, so that there was difficulty in speaking, and the eyelids 
were partially closed Spasm developed in the hands, the fingers becoming 
partially flexed, and the patient was unable to open them to hold a drinking 
glass This persisted for only a few minutes, and in about ten minutes the 
patient felt entirely normal Administration of alkali was discontinued, and no 
further spontaneous spasm occurred The following morning the plasma car- 
bon dioxid capacity was 90 5 volume per cent At this time there was a definite 
Trousseau sign of tetany, i e , compressing the arm above the elbow resulted in 
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tingling and prickling sensations in the hand, gradual flexion of the fingers at 
the metacarpal phalangeal joints and adduction of thumb The patient could 
not voluntarily overcome this spasm There was also a faint Chvostek sign, 
tapping over the facial nerve caused slight twitching of the muscles about the 
mouth These signs decreased somewhat, and Sippy treatment, with smaller 
doses of alkali, was again instituted Three days after the appearance of 
tetany there were still signs of latent tetany, and the plasma carbon dioxid 
capacity was 91 volume per cent Ten days later, when there were no signs of 
tetany, it was 71 volume per cent 

Case S —History —M J H (Med No 16151), a housewife, aged 29, entered 
the hospital May 28, 1921, with toxemia of pregnancy, greatly reduced renal 
function, severe acidosis and frequent vomiting Plasma carbon dioxid capacity 
was 19 S volume per cent 

CoKue —Because of this acidosis, 500 cc of 4 per cent sodium bicarbonate 
solution was given intravenously and Murphy drip with 2 per cent sodium 
bicarbonate ivas started, followed by a rise of carbon dioxid capacity to 27 
volume per cent The intravenous injection of sodium was repeated, vomiting 
decreased, and 2 gm of sodium bicarbonate was given by mouth every two 
hours Three days after admission to the hospital the plasma carbon dioxid 
capacity was 67 5 volume per cent The following day the patient developed 
typical carpal spasm of tetany, the forearms were flexed and folded over the 
chest, the wrists were moderately flexed, and the fingers partially flexed at 
the metacarpal phalangeal joints and extended at the interphalangeal joints, 
and the thumbs were adducted There were also occasional twitchings of the 
muscles about the mouth Plasma carbon dioxid capacity at this time was 87 
volume per cent Administration of alkali was discontinued and spontaneous 
spasm soon disappeared, but a markedly positive Trousseau sign of tetany could 
be elicited from then until death five days later The plasma carbon dioxid 
capacity remained above normal, and several hours before death was still 79 5 
volume per cent 

Case 6 — Htstoty - — E M (Med No 16492), a pupil nurse, aged 20, of neurotic 
temperament, became hysterical after failing to pass her examinations, and began 
to breathe very rapidlj’’ and deeply She then complained of numbness and 
tingling in the fingers After stopping the hyperpnea, the sensations disappeared 
Later in the day the rapid deep breathing returned, tingling in the fingers started 
again, and the hands rather suddenly became spastic, the fingers and hands being 
flexed, and the phalanges extended The arms soon became flexed at the elbows, 
and there was a sense of tightness in the abdominal muscles She was persuaded 
to breathe quietly, and the spasm subsided in a few minutes The following morn- 
ing there was a mild recurrence of the hyperpnea, with tingling in the fingers, but 
no spontaneous spasm 

Eranmiafton — Compressing the arms above the elbow for a few minutes 
resulted in a typical spasm of tetany in the hands There was no Chvostek 
sign She soon began to breathe quietly and all signs of tetany disappeared 
The plasma carbon dioxid capacity during the attacks was not determined, but 
there is every reason to believe that it would have been low, due to the decrease 
of ca^rbon dioxid in the blood accompanying overventilation Grant and Gold- 
man found symptoms of tetany identical with those in this patient in voluntary 
forced respiration Carbon dioxid is “washed” out of the blood, leaving a rela- 
tive excess of sodium bicarbonate, and in the restablishment of the ^^ 

ratio, alkali passes out of the plasma into the tissues and into the urine, result- 
ing in a reduced plasma carbon dioxid capacity 

SUMMARY 

1 The occurrence of tetany in various disorders of the body" is dis- 
cussed These disorders may be divided into two groups (a) pylonc 
obstruction, hyperpnea and overdosage with sodium bicarbonate, whicb 
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have in common a disturbance of the acid-base equilibrium, due to 
an increase m the ratio of sodium bicarbonate to carbonic acid 
(Na H CO3 H2 CO3) in the blood (b) Infantile tetany and para- 
thyroid tetany, m which there is a calcium deficiency in the blood The 
theory of Fieudenberg and Gyorgy, which attempts to explain all 
tetany as being due to a deficiency of calcium in the tissues, is discussed 

2 Six cases of tetany in adults are reported These are all of the 
type in which there is an acid-base disturbance Three cases occurred 
in obstruction of the stomach In two of these the plasma carbon 
dioxid capacity was determined, and found gieatly increased In one 
the blood chlorid was determined and found markedly decreased Serum 
calcium, determined m this case, was in the upper limits of normal 
These results corroborate m the human the experimental findings of 
investigators in animals Two cases resulted from overdosage with 
sodium bicarbonate, and one occurred in hysterical hyperpnea 

14 After this paper was written Freudenberg and Gyorgy [Klmische 
Wchnschr 1 410, 1922] reported cases of infantile tetany in which the symptoms 
rapidly disappeared following ingestion of fiom 3 to 7 gm ammonium chlorid 
per day The use of this drug was suggested by the recent work of Haldane 
(J Physiol 55 265, 1921), who found that the administration of large doses of 
ammonium chlorid by mouth caused an acidosis in the human, apparently by 
the foimation of urea and hydrochloric acid The sjmptomatic cure of infantile 
tetany by the drug is, therefore, strong evidence in favor of the view that there 
is an “alkalosis” in this condition 



THE BLOOD PRESSURE OF NORMAL CANTONESE 

STUDENTS 

WM W CADBURY, MD 

CANTON, CHINA 

It has been a common observation of my colleagues and myself that 
the blood pressure of Chinese patients in the Canton Hospital usually 
registered below the normal recognized for the peoples of Europe and 
North America It was, therefore, decided to make a systematic study 
of the pressure of normal Cantonese young men with the idea of 
determining the average norm for that race 

Various methods have been employed by research workers in order 
to determine the blood pressure Perhaps, the most accurate data 
are those obtained by the Erlanger sphygmomanometer In reviewing 
the literature we find, however, that the mercury instruments are those 
most generally employed The aneroid Tycos instrument is preferred 
by some 

METHODS or READING 

In the earlier reports, the systolic pressure was determined by 
palpation of the pulse The diastolic and pulse pressures cannot be 
determined accurately by this method 

More recently as a result of the suggestion of Korotkoff,^ the auscul- 
tatory method was introduced for reading the pressure By this method 
it is universally recognized that the first sound or beginning of tlie first 
phase represents the systolic pressure In regard to the diastolic read- 
ing, there has been considerable difference of opinion Barach and 
Marks ^ in a series of observations on healthy students read the diastolic 
pressure in the fourth phase with some and with others at the disap- 
pearance of all sound, or the fifth phase The difference in readings 
at these two points was generally about 5 mm of mercury, but was as 
great as 10 mm in some Judson and Nicholson ® recommend reading 
at the fourth phase They claim that by reading at the fifth phase, 
there is an error of from 11 to 20 mm 

Murray ^ also agrees that the diastolic pressure must not be read 
below the fourth phase Warfield,® however, states that the fifth phase 
may be used, and from the fourth to the fifth there is usually only 
from 4 to 6 mm difference 


1 Korotkoff Tr Imp Acad Med, St Petersburg, 15 365, 1905 

2 Barach, J H , and Marks, W L Arch Int Med 13 648 (May) 1914 

3 Judson, C F , and Nicholson, P Am J Dis Child 8 257 (Aug ) 1914 

4 Murray, J R Brit M J 1 697, 1914 

5 Warfield, Louis M Am J M Sc 154 414, 1917 
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According to Weysse and Lulz,‘’ “Fischer (1908), Lang and Mans- 
wetowa (1908), Van Westennjk (1908) and Warfield (1912) con- 
sider the beginning of the fouith phase as the auscultatoiy index for 
inimimnn pressuie, while Ettinger (1907), Gittings (1910) and Good- 
man and A A Howell (1910) consider the fifth phase as the correct 
index ” They conclude that “Since the onset of the fourth phase is 
coincident with the marked decrease in amplitude of the oscillations 
recorded by the Erlanger sphygmomanometer, it should be consideied 
as the index of minimum blood pressure ” 

Finally, MacKenzie,^ quoting W A Jaquith, states that “The fourth 
point is shown to be more liable to incorrect estimation than the fifth,” 
and he further adds that the fifth point thus appears to be the one at 
which, for the sake of uniformity and accuracy, we should ask an exam- 
iner to take the diastolic reading In one set of leadings the aveiage 
difference between points four and five was only 6 mm m 1,835 
examinations 

In view of these conflicting opinions, we have geneially advised 
those not very well accustomed to the use of the sphygmomanometer, 
to read the diastolic pressuie at the disappearance of all sound In the 
statistics given herewith, however, we have generally used the fouith 
phase for recording diastolic pressure, though, m some cases piobably, 
the mercury was read between the fourth and fifth phases 

THE NORMAL PRESSURE 

For comparative puiposes, the first essential is the detei mination 
of a normal average in some particular race 

Systobc Piesswe — It has been asserted® that the noimal systolic 
pressure for any age is roughly 100 mm of meicuiy, plus a figure 
represented by the age m question The difficulty with much of the 
data at hand is that it deals with special groups of individuals, as, for 
example, insured persons, athletes, army lecruits, etc 

One of the most thoiough of the earliei investigations was Woley’s ® 
study of 1,000 healthy persons langmg from 15 to 65 years of age 
The palpatorj'^ method was used and for the whole series he obtained 
an average of 127 5 mm for males and 120 mm for females For the 
period from 15 to 30 years of age, the aveiage was 122 mm 

McCrae^® states that foi adults a systolic piessure of 110 or less 
may be called “low blood pressure ” Fraser and Cowell made a 
study of the pressure in noimal soldiers and obtained an aveiage of 
systolic from 110 to 120 mm 

6 Weysse, A W , and Lutz B R Am J Physiol 32 427, 1913 

7 MacKenzie, L F Med Rec 97 1029, 1920 

8 Editorial J A M A 75 1650 (Dec 11) 1920 

9 Woley, HP J A M A 55 121 (July 9) 1910 

10 McCrae, T M Clin N America 3 1177 (March) 1920 

11 Fraser, J , and Cowell EM J A M A 70 520 (Feb 23) 1918 



364 


ARCHIVES OF INTERNAL MEDICINE 


Barach and Marks ^ examined a group of healthy male students, 
mostly from 15 to 25 years of age The systolic pressure varied from 
90 to 200 mm , but the majority were between 110 and 140 mm In 
more than 600 cases, 204 were recorded between 120 and 130 mm of 
mercury In 90 per cent the systolic pressure was less than 150 mm 
Lee examined Harvard freshmen The average age was 18 years, 
the average height 5 feet 8 inches, and the average weight, stripped, 143 
pounds The average systolic pressure was 120 mm and only 12 8 per 
cent showed a systolic pressure above 140 

The Diastolic and Pulse Pressw es — The diastolic and pulse pressures 
were not recorded in the older studies and accurate data have only in 
recent years been obtained, especially since the introduction of the 
auscultatory method of reading MacWilliam and Melvin,^® in a series 
of healthy young adults, found the average diastolic pressure to be 
65 mm with a range from 50 to 80 mm The average pulse pressure 
was 46 mm Barach and Marks,^ in their series, found that in 92 per 
cent , the diastolic pressure did not exceed 100 mm and readings from 
30 to 130 mm were obtained The great majority, however, ranged 
from 70 to 100 mm The pulse pressure ranged from 20 to 70 mm 
in 88 per cent of their cases, a large proportion ranging from 30 to 
60 mm The extreme limits of pulse pressure were from 5 to 100 mm 
In Lee’s study, only five subjects had a diastolic pressure higher 
than 100 mm , the average being 80 mm 

Warfield ® gives a normal variation for the pulse pressure of from 
30 to 50 mm 

Fraser and Cowell,^^ in their series of soldiers, give from 70 to 80 
mm for the diastolic average and 40 mm as the average pulse pressure 
Influence of Age on Blood Pressure — In dealing with younger sub- 
jects age is such an important factor that disregard of it renders 
statistics valueless Wolfensohn-Kriss determined the systolic pressure 
of healthy children (Table 1), and concludes that the pressure increases 
with age, height and weight In children of the same age, taller and 
heavier subjects gave higher pressure readings than shorter and lighter 
subjects In boys and girls of the same weight, the pressure readings for 
boys were slightly higher than those for girls, but, in general, she con- 
cludes that there is practically no difference noted for boys and girls of 
the same heights and weights (Tables 4 and 5) 

Fisher gives the average systolic pressure for accepted insurance 
risks at from 15 to 39 years (Table 1) 


12 Lee, R I Boston M & S J 173 541, 1915 

13 MacWilham, J A, and Melvin, G S Bnt M J 1 693, 1914 

14 Wolfensohn-Knss, P Arch f Kinderh 53 332, 1910 

15 Fisher, J W Proc Assn Life Ins Med Directors N America, 393, 1912 



TABLE 1 — The Systolic Blood Pressure Accordin^o Age of Different Races by Various Observers 



Only one case for this age was reported 
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Katzenberger gives the general average systolic pressures of eight 
other observers and her own (Table 1) for different ages 

According to Judson and Nicholson,® in a study of 1,344 children, 
the widest variations occur from the tenth to the fourteenth year The 
systolic pressure shows a gradual rise from the third to the tenth year 
and from 10 to 14 there is a more abrupt rise The systolic pressure 
vanes from 91 mm in the fourth year to 105 5 mm in the fourteenth 
year There is no arithmetic increase from year to year, from 4 to 
14 there being only a total rise of 14 mm 


TABLE 2 — Diastolic Pressure by Age 


Age 

Judson 

and 

Nicholson® 

Fahtr and 
James®® 

Concepcidn 

and 

Bulatao,®! 

Pilipinos 

Trimble, 

Chinese 

Whyte, 

Chinese 

Oadbury, 

Chinese 

1 

6 

63 5 

64 




1 

1 

7 

64 2 

65 4 




35 

8 

59 6 

667 

1 


! 

50 

9 

62 2 

67 8 




53 

10 

64 6 

689 




51 

11 

62 3 

1 69 9 




50 

12 

59 6 

711 



i 

55 

13 i 

632 

719 




56 

14 

63 7 

73 3 




59 

15 

618 

74 6 




63 

60 

16 


75 8 




70 

60 

17 






70 

63 

IP 




^77 6 


1 

68 

64 

19 






[ 55 

77 

65 

20 






1 

74 

62 

21 







72 

63 

22 







78 

59 

23 




1 




59 

24 







76* 

57 

25 

, 



• 76 6 


50 

72* 

73 

26 








70* 

27 








85* 

28 



1 


1 




29 



J 





70* 

30 








75* 

31-40 




803 

j 62 


80* and 50* 


* One case only 


There is little increase of the diastolic pressure, so that the pulse 
pressure increases more in proportion than the systolic pressure 

Obseivations were made by the pith ball oscillation method, a 
modified Erlanger apparatus and the ordinary mercury sphygmo- 
manometer, using auscultation for reading the pressure The observa- 
tions by these methods differed slightly In Tables 2 and 3 are recorded 
only the results obtained by auscultation 

Bingi" examined 138 men, all inmates of an institutional ‘Tome,” 
and found that the systolic pressure ranged from 115 to 145 mm He 
states that the normal systolic blood pressure seems to be from 100 
to 130 mm 


16 Katzenberger, A Ztschr f Kinder 9 167, 1913 

17 Bing, H I Ugesk f Laeger, 77 923, 1915, abstr T A M A 65 468 
(July 31) 1915 
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Faught’s averages for systolic pressure cover the ages 6 to 17 
yeais (Table 1) 

A very careful analysis of the systolic blood pressure readings of all 
freshmen entering the University of California has been contributed by 
Alvarez The readings for 2,930 males were taken with the men lying 
down The cnive of average pressure does not rise steadily, hut drops 
between ages 17 and 21 The uppei normal limit for men he places at 
130 mm Fifty per cent of the readings were between 116 5 and 
136 5 (Table 1) 


TABLE 3 — Pulse Pressure by Agl 


Age 

Tudson 

II nd 

NIelioIson'' 

Fnbcr and 
James-- 

Ooncepcidn 

and 

Bulatao.^i 

Filipinos 

Trimble, 

Cliincso 

Wliytc 

Ciiincsp 

Cadbury, 

Oliinose 

0 

30 3 

31 1 





7 

22 7 

32 




80 

8 

33 4 

33 1 




28 

9 

29 7) 

33 8 




81 

10 

31 4 

33 0 




29 

11 

33 r. 

34 0 




83 

12 

40 3 

SO 2 




33 

13 

30 8 

30 1 




83 

14 

42 1 

37 5 




35 

IF. 

37 7 

38 r. 




30 

SO 

10 


39 0 




31 

41 

17 






35 

87 

18 




331 

1 

1 

30 

39 

10 





1 

40 

39 

40 

20 





J 


37 

41 

21 







42 

40 

22 







41 

12 

23 








84 

24 







54* 

40 

2r> 







58' 

27 

20 




35 3 


31 


25" 

27 








26* 

28 









20 








25* 

30 






1 


80* 

31-40 



1 38 5 

39 


50* and 40* 


* One cnso only 


Accoiding to Fluntei and Rogers,^® men ovei weight average a 
higher systolic pressure than men undei weight A variation of 15 mm 
below the average or 15 mm above is within normal limits 

One of the most extensive senes of studies of the systolic pressure 
IS that given by Fluntei on 67,000 life insurance cases (Table 1) 
MacKenzie states that the systolic pressure increases with increased 
weight, disregarding age and height The latter has little effect There 
IS little change in the pulse pressure until after 40 years of age 

For the period of from 15 to 29 years, the average systolic pressure 
IS 122 mm , the diastolic 85 mm and pulse pressure 43 mm From 


18 Faught, F A Blood Pressure from the Clinical Standpoint, Ed 2 
W B Saunders Company, Philadelphia, 1916 

19 Alvarez, W C Arch Int Med 26 381 (Sept ) 1920 

20 Hunter, A , and Rogers, O H Proc Assn Life Ins Med Directors N 
America 6 92, 1919 

21 Hunter, A Proc Assn Life Ins Med Directors N America 7 153, 1920 
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30 to 44 years of age, the systolic pressure is 125 ram , diastolic, 88 mm , 
and pulse pressure 43 mm Any diastolic pressure at any age, under 
60 mm or over 103 mm is abnormal if constant 

Pulse pressures over 60 mm or under 25 mm are cause for close 
scrutiny of every other feature 

According to a leaflet signed by Dr Charles H Willits, medical 
director of the Provident Life and Trust Company, Philadelphia, and 
issued to medical examiners, accepted risks between ages 15 and 60 years 
should have an average systolic blood pressure between 120 and 135 mm 
(Table 1) A normal diastolic pressure may be between 60 and 105 mm 

Faber and James studied the pressure in 651 boys and 450 girls 
aged from 3 to 17 The subjects were normal, mostly school children 
They state that age is as satisfactory as any factor, such as height or 
weight, in determining the normal pressure In order to smooth out 
the curves, three ages were grouped together Thus for age 6, the 
aveiages for 5, 6 and 7 were added together and divided by 3 In 
Tables 1, 2 and 3 we record the readings for the boys only 

Other Factois Causing a Normal Vaiiation m Blood Piesswe — It 
IS well known that many factors cause a normal variation m blood 
pressure Thus Katzenberger in a series of observations noted that 
the blood pressure tends to fall as the rate of the pulse increases The 
lower blood pressure in young children is to be explained by the 
undeveloped condition of the heart and blood vessels As height and 
weight increase, the systolic pressure increases also Therefore the 
pressure of children living under good conditions is higher than in chil- 
dren placed in bad conditions Boys have higher pressure due to their 
greater size Sleep causes a fall in pressure Position, psychic 
phenomena, time of day, taking food or fluid, movements of the body, 
respiration and bathing all affect the pressure 

Faughf^® observed that with puberty, adult pressure is established 
There is a fall of pressure with increased altitude In persons of 
neurotic temperament, according to Goodman,®^ the blood pressure is 
likely to be elevated 

Lowered pressure is said to be the result of a weakened heart, as 
m convalescence from disease, and also as the result of a lack of dynamic 
f 01 ce in the individual 

Fraser and Cowell noted that in soldiers actually engaged in fight- 
ing, especiall)'’ infantrymen, the average systolic pressure worked out 
higher than among men in the same regiment in support, where they 
were only exposed to occasional fire The increased pressure of the 

22 Faber, H K, and James, C A Am J Dis Child 22 7 (July) 1921 

23 Goodman, E H Blood Pressure m Medicine and Surgery, Lea & 
Febiger, Philadelphia, 1914, p 64 

24 Moulton, R H The Forecast, p 171 (Sept ) 1921 
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fighting man tended to drop quickly when he was resting away from the 
firing line, so that a systolic pressure of 140 mm might fall to 110 
or even to 100 mm 

The influence of age has been already referred to and Norris states 
that preceding the onset of puberty, there is a tendency toward a fall 
of pressure; during pubescence tliere is a period of increased pressure 
which is, in turn, followed by a slight decrease after puberty has been 
established 

The rate of the pulse is thought by Woley ® to be a factor In cases 
with a pulse under 65, he found the pressure to average 123, while, if 
the pulse was over 85, the pressure reached 130 mm 


TABLE 4 — Systolic Pressure According to Height 


Height m 

Wolfensohn- 



Cliamberlam 

Cadburr, 

Centimeters 

Eriss^-* 


MichaeH® 

White Men m 

Chinese 





Tropics 



90-100 

85 

1 

99 




70 

101-110 

89 

J 1 

109 




65 

111-120 

90 

■ J 

1 




82 

121-130 

1 

93 

1 

1 112 




84 

t 

131-140 1 

i 

95 

' J 

118 




1 

141-150 

101 

1 

120 




: 96 

151-160 

O 

I— 1 

C 

125 

f 

U7 9* 
114 7 

1 

1 100 

161-170 

no 

j 



116 


' 102 





1 

115 5 

116 2 

1 

1 

1 






[ 115 7 1 



171-lSO 





116 2 
[ 117 9 J 


105 

181-190 




i 

119 3 

1 

105 





120 6 

J 



* Under 162 6 cm 


The effects of height and weight have already been referied to 
These factors have been especially considered by Michael She 
studied 128 normal children and found that there was a regular rise in 
systolic pressure with an increase m height and weight This is also 
confirmed by the work of Wolfensohn-Kriss and Chamberlain 
(Tables 4 and 5) 

The effects of climate are referied to by Castellani and Chalmers 
as lowering the tension of the pulse, with dilatation of peripheral 
vessels and increased elasticity of the pulse 


25 Norris, G W Blood Pressure, Lea & Febiger, 1917, p 378 

26 Michael, May Am J Dis Child 1 272 (March) 1911 

27 Castellani & Chalmers Manual of Tropical Medicine, Balliere, Tindall 
& Con, London, 1919, p 75 
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VanaHons tn Blood Piessxiie by Race — We come now to the ques- 
tion of racial variations But little mention has been found of variations 
because of race in the textbooks on blood pressure, and we have been 
able to find only a few references in literature 

McCay studied the blood pressure of more than 500 adult male 
Bengalis, aged from 20 to 25 years They were Hindus from Lower 
Bengal The Riva-Rocci instrument was used with a broad armlet 
The systolic pressure only was determined, by palpation, with the 
patient sitting The average pressure was found according to one 
report to be from 83 to 118 mm of mercury, but, m the later report, 
he states it was from 90 to 105 mm or generally just under 100 mm 
To explain this low pressure, McCay considers climatic conditions 
are not the chief cause, because Europeans living in Calcutta did not 
show this low pressure, they averaging from 115 to 130 mm of meicury 
As the capacity for muscular work in Europeans is superior, we may 


TABLE 5 — Systolic Pressure According to Weight 


16-20 


21-25 


26-SO 


31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

61-65 


Weight In Kg 


Wolfcnsohn 
Kris s’ < 


82 

92 

94 

95 

99 

103 

111 

112 


Miclncl““ 


95 

100 

107 

112 

116 

122 

126 


Oadburv, 

Chinese 


81 

83 

87 

94 

96 

100 

101 
104 
106 
106 


assume that they also have superior muscular power in both voluntary 
and involuntary groups 

The Fdipino has been studied more carefully with regard to his 
blood pressure than other Oriental races The first work was done by 
Musgrave and Sison The study was made on mnety-seven Americans 
and Europeans and forty Filipinos, mostly students The ages varied 
from 25 to 40 years They concluded that the systolic pressure of 
persons living m the tropics is lower than the general averages given 
The heart and blood vessels are not to blame Variation in the volume 
and viscosity of the blood may be a factor Anemia is not a cause 
The most probable cause is the lowered peripheral resistance that occurs 
in the tropics If this be true, then the lowered blood pressure may 
be explained in two ways the secretory function of the skin is increased 

28 McCay, David Lancet 1 1483, 1907, Scientific Memoirs, Govt of India, 
No 34 p 23, 1908 

29 Musgrave, W E , and Sison, A G Philippine J Sc B 5 325, 1910 
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and piobably the normal surface lesistance and vasomotor tension 
necessaiy to pioduce the required surface heat of temperate climates is 
greatly diminished in the tropics, the year round 

There are also to be considered the splanchnic influences which 
control vasomotor tone 

For foreigners, the following pressure readings weie obtained 
Duration of Residence 

in Tropics Systolic Pressure 

1 month to 1 year 124 mm 

1 year to 5 years 115 mm 

5 years to 10 years 116 mm 

Over 10 years 113 mm 

Of the Filipinos, thirty males gave an average systolic pressuie of 
108 mm and nineteen females of 113 mm 

A very extensive study was earned out by Chambeilam He 
studied the systolic pressure of 1,042 healthy, white, Ameiican soldiers, 
aged mostly from 20 to 40 years, and 386 Filipinos repiesentmg various 
tubes, and including soldiers, laboiers, servants and convicts Most of 
these were under 42 years of age Chamberlain assumes a normal of 
from 115 to 150 mm of meicury for men from 15 to 30 years of age, 
living in the temperate zone 

In the Philippines, he finds the average pressure foi white men at 
this age to be 115 and from 30 to 40 years of age to be 118 mm 
Seasonal changes and complexion — blond or brunet — did not affect the 
systolic pressure He suggests that there is a vasoconstriction of super- 
ficial blood vessels 

For Filipinos between 15 and 40 years, Chambeilam found an 
average systolic pressure of from 115 to 116 mm He concludes that 
there is no essential difference from white men m the blood pressure 
(Table 1) 

A later study of Filipinos has been made by Concepcion and 
Bulatao,'’^ using an Erlanger sphygmomanometer Readings were 
obtained from 697 males and 218 females, varying m age from 15 to 
87 years The males weie chiefly convicts and medical students The 
females were also convicts and students The results may be found in 
Tables 1, 2 and 3 For the average age of males of 29 5 years and of 
females of 25 1 yeais, the average readings were as follows 

Males Females 

Systolic Pressure 115 6 mm 116 mm 

Diastolic Pressure 791mm 83 4 mm 

Pulse Pressure 364 mm 32 6 mm 

Theie is to be noted a general tendency for the systolic, diastolic 
and pulse pressures to ascend with age They conclude that, “The 


30 Chamberlain, W P Philippine J Sc B 6 467 1911 

31 Concepci6n, I , and Bulatao, E Philippine J Sc B 11 135, 1916 
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systolic pressures of Filipinos are very much lower than those of Ameri- 
cans living in temperate climates (Woley), but the same as those of 
Americans living in the tropics (Chamberlain) ” 

In sixty-five opium habitues the blood pressure was much below the 
average of other cases 

Investigations of American Indians were carried on by Harley 
Stamp including tribes living in the arctic as well as the temperate 
zone He concludes that “the normal age charts of blood pressure 
records on the American Indian differ but slightly from those of the 
white man, except that there seems to be a uniform tendency to reduced 
blood pressure at or about 45 years " 

Blood pressure in the Japanese has been studied by Tanemura®® 
who examined 2,842 healthy male and 1,100 female Japanese The 
ages varied from 4 to 25 years He used a von Recklinghausen 
tonometer, reading by Korotkoff’s auscultatory method The results 
were recorded in centimeters of water The average height for boys of 
4 was 93 cm , for boys of 19, 160 3 cm The body weight was 13 6 kg 
for boys of 4 and 54 1 kg for men of 21 The annual increase in the 
blood pressure was particularly marked in boys from the thirteenth to 
the seventeenth years In general, the curve of rising blood pressure 
ran parallel rvith those of body height and weight 

The normal pressure at 4 years of age for boys was systolic, 72 mm , 
diastolic, 49 mm of mercury (98 and 67 cm water) It rose gradually 
to systolic 122 mm , diastolic 83 mm of mercury (165 and 112 cm 
water) in men of 19 

The pulse pressure rose from 23 mm of mercury (31 cm water) 
at 4 years to 40 mm of mercury (54 5 cm water) in men of 19 

BLOOD PRESSURE IN CHINESE 

Beyond the records of Chinese here collected, I know of no statistics 
on this race in the literature 

A questionnaire was sent out to missionary physicians throughout 
China and answers giving records of normal persons were received 
from only three Drs C G Trimble, Duncan Whyte and H W Boyd 
Doctor Trimble sent in records for thirty-two normal male Chinese 
Twenty-four were from the province of Fukien, which lies between 23 
and 29 degrees north latitude, and eight from other provinces of 
China The occupations of the Fukmese varied from that of student 
merchant, druggist, coolie, soldier, barber, shoemaker, baker, boat man, 
preacher and farmer The Pilling special sphygmomanometer was 

32 Faught, FA 1 c , 18, p 161 

33 Tanemura, I Kyoto J M Sc 15 84, 1918, Abstr China M J 34 542, 
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used with the auscultator}'- method The ages varied from 18 to 43 
years and the average pressures obtained were as follows Systolic 
100, diastolic, 61 , pulse, 38 (Tables 1, 2 and 3) 

The eight subjects from other provinces of China varied in age 
fiom 19 to 28 years Four were from the province of Chihh, two from 
Shantung, one from Kiangsu and one from Hunan, all m Central or 
North China The average pressures were as follows 

Systolic 106 mm 

Diastolic 66 mm 

Pulse 40 mm 

Dr G Duncan Whyte’s studies were made on healthy students m 
Swatow, whicli IS located in the northern part of Kwangtung Province 
He employed the Faught instiument and the auscultatory method 
There were eighty-five males varying in weight from 25 8 to 64 4 kg 
(57 to 142 pounds) and m height from 137 to 176 cm (54 to 69 
inches) The ages varied from 15 to 25 years Theie were only two 
subjects over 22 years of age For the other eighty-three men he 
obtained the following aveiages 

S 3 ’'stolic 109 mm 

Diastolic 71 mm 

Pulse 38 mm 

For the pressures recoided for each age, see Tables 1, 2 and 3 
Dr H W Boyd, of Canton, studied fifteen men and ten women 
from the provinces of Kwangtung and Kwangsi Their ages langed 
from 18 to 54 yeais, averaging 28 years, and their occupations weie 
those of farmer, mechanic, merchant, student, housewife, piostitute, 
nurse, druggist, soldier, physician and laboiatoiy assistant Then 
weights varied from 26 3 to 66 2 kg (58 to 146 pounds) and their 
heights from 139 7 to 182 8 cm Doctor Boyd used a Tycos instiument 
with the auscultatory method He obtained the follo^vlng averages 


Sj'^stolic Pressure 107 mm 

Diastolic Pressure 67 mm 

Pulse Pressure 40 mm 

Average Pulse Rate 81 mm 


My imestigation of the blood pressure of healthy Cantonese was 
conducted as part of a geneial program of determining the char- 
acteristics of normal Chinese 

The records were all obtained from healthy Chinese students of the 
two southern provinces of China known as Kwangtung and Kwangsi 
Canton, the capital of Kwangtung. lies on latitude 23 degrees 06 T 
north and the two provinces he between 20 and 26 degrees north 
latitude 
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It IS well known that the Cantonese differ in many ways from the 
people of other parts of China They are shorter, lighter and with 
smaller features Unlike most people living in the tropics, they are 
noted for their energy and progressiveness 

All of my records were taken in the routine physical examination 
of 774 students of the Canton Christian College These young men 
live in much better hygienic conditions than the average Chinese They 
take part in athletic sports and eat a better quality of food Their life 
IS very similar to that of American boys 

All students with cardiac murmurs or other evidence of cardiac or 
pulmonary disease were excluded My records are based therefore on 
the examinations of only healthy young men 

A Nicholson sphygmomanometer was used, employing the aus- 
cultatory method A 14 cm wide cuff was used on the right arm, with 
the subject sitting and resting his arm on a table 

The systolic reading was made at the first appearance of sound 
and the diastolic at the fourth phase, but, m the younger boys, the 
diastolic reading was often very indefinite Taking the averages for 
certain age periods, we find as follows 


Systolic 83 mm 

7 to 14 years • Diastolic SI mm 

Pulse 31 mm 

Systolic 101 mm 

15 to 20 years Diastolic 62 mm 

( Pulse 39 mm 

I Systolic 101 mm 

21 to 30 years! Diastolic 68mm 

[Pulse 36 mm 


By reference to Tables 1, 2, 3 and 6 the detailed figures may be 
observed 

There is very probably a slight error in the age factor in a few of 
the cases, since Chinese generally estimate their age as one year older 
because they count that they are one year old at birth However, even 
by the most casual glance at the figures in Table 1, it is clearly evident 
that the Cantonese youth has normally a systolic pressure considerably 
lower than that found m Europeans and Americans It follows closely 
Musgrave s figures for Filipinos, but is lower than that reported by 
Chamberlain and Concepcion and Bulatao It is also lower than the 
records for Japanese, but compares with what was found among 
Bengali 

Diastolic pressure is also lower than what has been recorded by other 
observers, but the pulse pressure is slightly higher than found in one of 
the studies of Filipinos 

Objection is taken sometimes to the misleading character of averages 
We have, therefore, taken the systolic readings for ages 15 and 20 and 
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gionpcd them in then older of fieqitency The average leadings weie 
97 and 103, respectively The peicentages foi diffeient leadings weie 
as follows 


71 





Age IS 

Age 20 

to 

80 

mm 

Hg 

12% 

4% 

81 

to 

90 

mm 

Hg 

31% 

13% 

91 

to 

100 

mm 

Hg 

19% 

38% 

101 

to 

110 

mm 

Hg 

31% 

22% 

111 

to 

120 

mm 

Hg 

6% 

16% 

121 

to 

130 

mm 

Hg 

1% 

7% 


Thus 81 pel cent of the leadings for age 15 weie between 81 and 
110 mm Foi age 20, 60 pei cent of the leadings weie between 91 
and 110 mm 


TABLE 6 —Blood Pri ssurc or Healthy Mail Ciiinlsl Students oi the 

Canton Christian Colllgl 


Arc 

No 

AvornRe Pressure 

Systolic 

Pressure 

Dliistollc 

Pressure 

Pulse 
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of 

Pulse 
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lolic 

Dins 

tolic 
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Ma\I 
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Mini 

mum 

Mii\i 

mum 
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mum 

Ma\l 
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7 

2 

05 

35 

30 

70 

00 

40 

30 

30 

30 

78 

8 

11 

80 

50 
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05 

00 
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35 

40 
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9 

18 

81 

53 

31 
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GO 

75 

35 

50 

15 

02 

10 
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SO 

51 

29 

no 
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70 

35 

50 

15 

90 

11 

31 

83 

50 

33 

100 

05 

75 

30 

45 

10 

85 

12 

48 

88 

55 

33 

115 

05 

75 

20 

00 

15 

81 

13 

47 

80 

50 

33 

105 

75 

70 

40 

50 

15 

85 

14 

03 

07 

59 

35 

125 

75 

85 

30 

05 

15 

84 

15 

90 

97 

00 

30 

180 

75 

so 

36 

70 

15 

82 

10 

101 

100 

00 

41 

130 

70 

85 

35 

70 

10 

83 

17 

97 
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03 

37 
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75 

05 

40 

70 

10 

83 

18 

81 
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04 

89 
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75 

85 

45 

70 

1 

82 
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05 
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05 

40 
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05 
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81 

20 

40 
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85 

80 

50 
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20 

78 

21 

18 
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03 

40 

126 

85 

80 

50 

05 

20 

so 

22 

13 
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50 

42 
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85 

SO 

45 

05 

20 

81 

23 

5 

03 

59 

34 

no 

80 

05 

53 

57 

15 

78 

21 

2 
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57 

40 
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100 

GO 

55 

40 

40 

00 

25 

2 

100 
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100 

100 
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05 

36 

20 

77 
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05 

70 
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Following Wolfensohn-Kiiss and Michael, I have estimated the 
blood pressuie in accordance with weight (Tables 5 and 7) Here the 
age factor was not involved, except that all measurements weie made 
in male subjects from 7 to 36 years of age 

The systolic pressure shows an incicase fiom 81 mm in boys weigh- 
ing fiom 16 to 20 kg to 106 mm in young men of 61 to 65 kg weight 
01 an inciease of 25 mm The diastolic pressure shows an increase of 
15 mm and the pulse piessui e a much less maiked increase 

Wolfensohn-Kiiss’ figures closely paiallel my own up to the 40 to 
45 kg limit After that, hei lecords are higher Michael, on the othei 
hand, gives consideiably highei reading thioughout the series 
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If height IS taken as the standard for estimating the pressure, there 
IS also found to be a progressive increase as the subject grows (Tables 
4 and 8) 

Thus between the 101 to 110 cm group and the 171 to 180 cm 
group, the systolic pressure rises 40 mm , the diastolic 25 mm and the 
pulse pressure 16 mm 

Comparing my readings with those of other observers, the Cantonese 
shows a marked inferiority in blood pressure taken with reference to 
his height 


TABLE 7 — Average Blood Pressure of Cantonese Males According 

TO Their Weight 


Weight m Kg 

I Numbet 1 

1 Average j 
j SvstoHc ^ 

Average | 
Diastolic 

1 Average 

1 Pulse 

11-15 

1 1 ' 


30 

30 

16-20 


81 

51 

29 

21-25 

66 

83 

51 

32 

26-30 

85 i 

1 87 

55 

32 

31-35 


1 94 1 

60 

i 34 

36-40 

61 

96 

59 

37 

41-45 

141 


60 

1 40 

46-50 ' 

160 

101 

63 

j 32 

51-55 

107 

104 

64 

1 40 

56-60 

35 

106 

65 

41 

61-65 

9 

106 

66 

1 « 


TABLE 8 — Average Blood Pressure of Cantonese Males According 

TO Their Height 


Height ia Cm 

j Number 

1 

Average 

Systolic 

I Average 
Diastolic 

Average 

Pulse 

90-100 

i I 

70 

40 

SO 

101-110 

3 

65 

41 

23 

111-120 

27 

82 

50 

31 

121-130 

68 

84 

52 

32 

131-140 

89 

87 

55 

32 

141-150 

93 

96 

59 i 

37 

151-160 

200 

100 

61 

39 

161-170 ! 

256 

102 

63 

39 

171-lSO 

32 

105 

66 

39 

181-190 

1 

1 

105 


35 

1 


DISCUSSION 

It thus appears that the systolic blood pressure of Cantonese and 
other Chinese young men from the South of China averages from 
20 to 30 mm of mercury less than the normal for people in Europe 
and North America Correspondingly low systolic pressure has been 
observed among Bengali and Filipinos 

The diastolic pressure of the Chinese is also lower than the generally 
accepted normal, but by only 10 to 20 mm The Filipinos’ diastolic 
pressure seems to be higher 

The average pulse pressure shows little variation from the generally 
accepted normal, and is, therefore, relatively high 
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In our studies there is a regular arithmetic increase of systolic and 
diastolic pressure values from 7 to 22 years of age A less regular 
increase is observed in the pulse pressure 

In this connection it is a remarkable fact that hypertension as a 
pathological condition m Chinese is very unusual In an extensive 
medical practice of more than twelve years m Canton, I have rarely 
met with hypertension, either with or without signs of nephiitis, 
although chronic Bright’s disease is very common When met with, 
marked hypertension has generally been associated with aortic valvular 
disease of the heart Other observers in Canton have confirmed my 
findings 

In looking for a possible explanation, the following suggestions 
have come to me (1) Use of opium, (2) decreased capacity for 
muscular effort, causing a decrease in muscle tone, (3) small stature and 
lighter weight, (4) deficient suprarenal or other hormones in the body, 
producing a lack of dynamic force, (5) the large vegetable diet A 
Chinese subsists chiefly on rice, with only minute amounts of meat 
(6) Simplicity of life, and absence of nervous strain, (7) effects of the 
tropical climate causing (a) constant dilatation of the peripheral blood 
vessels, (b) the secretory function of the skin is increased and probably 
the normal surface resistance and vasomotor tension necessary to pro- 
duce the required surface heat of temperate climates is greatly dimin- 
ished in the tropics the year round, (c) splanchnic influences The 
vasomotor tone of the splanchnic system has a marked effect on motor 
tone, (d) a vasoconstriction of the superficial blood vessels, (e) varia- 
tions in the volume and viscosity of the blood 

In my studies of the Cantonese youth, I can exclude Numbers 1 
and 2 as possible factors Number 3 is applicable, as my studies prove 
that the Cantonese is shorter in stature and of lighter weight than 
American and European youth Number 4 is at present based on theory, 
but I have seen no lack of vigor or dynamic force in our students 
It may be inferred that diet and the various factors listed under 
climate have a bearing on the phenomena 

CONCLUSION 

A study of the blood pressure of 774 healthy, male, Cantonese 
youths shows that their average systolic, diastolic and, to a less degree, 
pulse pressures, are lower than the standards for European and Ameri- 
can youth of corresponding age, weight or height 



RENAL FUNCTION AND THE AMOUNT OF 
FUNCTIONING TISSUE 

THE RATIO UREA IN ONE HOUR’S URINE arteR riVTlvT 
iiic, KAiiU UREA IN 100 CC OF BLOOD AJ-IEK GIVING 

UREA AND WATER * 

T ADDIS, M D 

SAN FRANCISCO 

This IS the first of a short series of papers, the outcome of an 
attempt to draw quantitative structural deductions from functional 
results The few methods used are discussed and criticized only in 
reference to the question as to whether the results give information in 
regard to the amount of secreting tissue in the kidney This narrow 
point of view has been adopted because the purpose of the inquiry is 
entirely utilitarian and clinical All manifestations of renal function 
have an intrinsic interest from the standpoint of physiology, but it is 
maintained that only those from which we can draw quantitative con- 
clusions about the amount of tissue in the kidney are of immediate and 
practical clinical importance 

Such an idea is foreign to nearly all the recent work on this subject 
Nevertheless, from the time of Bright up to about the beginning of 
the last decade, the hope that functional methods might ultimately be 
used as a measure of the extent of a renal lesion was piobably the main 
incentive to clinical investigation into the function of the kidney But 
since Schlayer s papers were published, that is to say, during the very 
time when technical methods were so perfected as greatly to facilitate 
the mechanical side of the work, this hope appears to have been aban- 
doned Schlayer is largely responsible for this modern attitude of 
disillusion He demonstrated that there was no quantitative relation 
between the function of the kidney, as he determined it, and the amount 
of damage it had suffered experimentally or through disease But 
while he rejected the idea of drawing quantitative structural inferences 
rom functional work, he believed that functional methods were of 
^alue in detecting, if not the amount, at least the location of disease 
in the kidney He thought he could determine whether disease affected 
mainly the vessels or mainly the tubules Howevei, it was soon shown 
Jat It was impossible to make such a distinction by functional methods 
This failure to draw even qualitative anatomic deductions from func- 
tional results had a marked psychologic effect, all the more, because, 
at t le same time, the limitations of histologic methods were emphasized 
nstances were cited m which no evidence of renal damage was obtained 
y microscopic examination although there had been obvious indica- 
tions of a failure of renal function, and, on the othei hand, cases were 


*From the Department of Medicine of Stanford Unnersirt Medical School 
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leported with appaiently normal function in which gross manifestations 
of structural derangement weie found In view of all these facts ,the 
tendency of clinical investigators has ceitainly been to give up r\hat 
seemed to be a hopeless attempt, to take what they did have — the 
functional results — and to try to establish classification and treatment 
on a functional rathei than on an anatomic basis 

This view will not be held permanently At best it is only a con- 
fession of failure, the result of inadequacies m present day functional 
and histologic methods It can serve only as a prepaiation foi a 
renewed attempt on the problem of the relation between renal funetion 
and structure, the problem which Bright set before himself nearly a 
century ago 

Improvement m functional methods has been mainly technical We 
can now measure more easily, and also moie accuiately, the amounts 
of various substances eliminated by the kidney But m other respects 
theie has been little change In particular, a fundamental principle 
applicable to all functional methods, when they are to be used for 
shuctural deductions, has been neglected almost entirely Unless the 
functional manifestation is the maximal effort of which the organ to 
be tested is capable, no stiuctural inferences can be drawn from it 
Foi instance, it might be possible, from a measurement of the force 
exerted, to make a fairly accurate prediction as to the amount of mus- 
culai tissue concerned in some action, such as weight lifting — but only 
if the effort put foith were the greatest the muscles could perform 
Thus, two different amounts of muscle tissue might both raise a 10 
pound weight No deduction as to their relative size could be made 
But if it were to be found that in one case 50 pounds was all that 
could be lifted, while in the other case 100 pounds was the maximum. 
It Mould be legitimate to conclude, othei things being equal, that one 
Avas tunce as large as the othei In the kidney also the functional out- 
put must be at a maximum if quantitative deductions in regaid to the 
amount of the secieting tissue are to be diaivn 

In the above example the deduction as to the amount of musculai 
tissue fiom the functional lesult would be valid only if the conditions 
M^ere such that extramuscular factois u^ere equally operative So, 
also, if renal function is to be used as a measure of the amount of 
secieting tissue, the exttaienal circulatory and nervous factois 
concerned in excretion must be uniform 

THE UREA RATIO TEST 

The Rat,o g:" : IST ^7':; S after g.v,ng urea and water 

The development and some of the theoretic aspects of this test Mere 
dealt Muth in 1917 ^ Since then the technic has been modified as a 


1 Addis J Urol 1 263 1917 
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result of further work on animals ^ and on man ^ In its present form 
the method has been in use for two years m clinical work on Bright’s 
disease, and it seems unlikely that any further considerable change 
will be required, although much remains to be done in regard to the 
establishment of standards of normality Only the practical application 
of the test will be dealt with in this paper 

Two essential conditions are required One is that the kidney 
should be placed under circumstances which call for great activity in 
urea excretion The other is that there should be an absence of cer- 
tain specific renal stimulants and depressants The first is met by the 
administration of an amount of urea which will raise the concentration 
of urea m the blood reaching the kidney, while at the same time a 
diuresis is induced by water drinking The second is fulfilled if the 
test IS carried out in the morning, before the subject has taken food, 
and if the collections of urine and blood are not commenced until three 
hours after the urea has been taken 

The details of the procedure used in clinical work are as follows 
At 6 a m the patient slowly drinks about 1,000 cc water in which 
urea is dissolved When the blood urea concentration is between 15 
and 25 mg per hundred c c , 30 gm urea are given If the blood con- 
centration is already as high as 60 mg of urea per hundred c c , no 
urea need be taken At intermediate blood urea levels appropriate quan- 
tities of urea are administered, so that when the first blood is collected 
It stiould have a concentration of between 60 and 90 mg of urea per 
hundred c c At 7 a m , and every hour thereafter until 11a m , the 
patient drinks two glasses of water No breakfast is given Urine 
is voided evetyf hour, but at 9 a m , the time at which urination is 
completed is noted to within thirty seconds, and at 10 a m, 11 a m 
and 12 noon urine is passed directly into special bottles and the exact 
time noted The patient must be instructed to make each voiding 
as complete as possible, and to take the time at the end, and not at the 
beginning of urination For women a special commode is used with a 
large funnel emptying into a removable bottle Blood is obtained at the 
middle of each of the three hourly periods over which urine is collected 
The urea content of these urine and blood specimens must be estimated 
with a high degree of accuracy, for even small errors may markedly 
influence the ratio if they happen to be in' opposite directions for the 
blood and for the urine 

When these conditions are observed the rate of urea excretion is 
governed by only two factors, the concentration of urea in the blood 

2 Addis Barnett and Shevkv Am J Phvsiol 46 1, 22 39, 52, 1918 Addis, 
She\kj and Be\ier Am J Physiol 46 11, 129, 1918 Addis, Foster and Bar- 
nett Am J Phvsiol 46 84, 1918 

3 Addis and Drurj Proc Soc Exper Biol & Med 23 24, 1920 
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and the amount of sccretmg tissue m the kidney Since the concen- 
tration of urea in the blood is determined, it follows that the ratio 


r itc of iirci cycrction 
lire i in 100 cc of blood’ 


or as we measure it, 


lire I in one liour'i uri ne 

urci in 300 cc of blood’ ^ lUCa' 


sure of the amount of secreting tissue in the kidney 

When the amount of secreting tissue in the kidney is constant, the 
rate of urea excretion varies directly with the blood urea concentra- 


tion In the same normal adult individual the amount of renal tissue 


may be assumed to remain nearly constant, and if this statement is 
true, there should be a direct proportion between the amounts of urea 
in an hour’s urine and the amounts of urea m 100 c c of blood, so 



Fig 1 — Iht amount of urea in one hour’s urine is directly proportional to 
the amount of urea in 100 c c of blood, when the amount of renal tissue is 
constant, and when certain conditions arc observed Observations on the same 
subject at different levels of blood urea concentration 

that the rates plotted against their respective blood urea concentrations 
should fall in a straight line Figure 1 shows a senes of hourly rates 
measured in the same individual The blood urea concentrations were 
varied by administering varying quantities of urea 

These experiments show that when the amount of renal tissue is 
constant there is a direct relation between the rate of urea excretion 
and the blood urea concentration, so that changes m the level of urea 
concentration in the blood between 20 and 120 mg are associated with 
corresponding changes in the rate of ui ea excretion 

It should be emphasized that this is not a general law It holds 
true only under the special and peculiar conditions which ha\c been 
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outlined We have many rates, observed m the subject from whom 
the measurements shown in Figure 1 were obtained, which show how 
far the rate of urea excretion may vary from any direct relation with 
the blood urea concentration, and we have already given many 
instances of great variations in the rate in spite of a constant blood 
urea concentration* These variations are of particular interest and 
importance as showing the high degree of adaptability inherent in the 
mode of action of the kidney, and its freedom from subjection to 
meiely physical and mechanical conditions But when we wish to 
deduce the size of the kidney from its function, all this complex 
mechanism of adjustment, of concurrent or alternating inhibition and 
excitation, must be merged in the drive toward the maximum rate 
of excretion allowable under the circumstances The fact that such 


a direct relationship between blood concentration and rate of excretion 
can be demonstrated, is an indication that we have succeeded in attain- 
ing this unity of action, and that under these special conditions all the 
circulatory and nervous factors concerned m renal activity are working 
together towards one end 

\\dien the amount of renal tissue vanes, the ratio urea m loo ' cc of bio^ 
IS directly proportional to the amount of secreting tissue m the kidney 
This again, of course, is no general law, but is true only under the 
specific conditions described The detailed proof will require much 
further work, but there is already sufficient evidence that it is at least 
approximately true It has already been shown, though at that time 
the conditions under which the ratio ought to be measured were only 
imperfectly understood, that the loss of renal substance involved in the 
removal of one kidney,® or the variable loss arising from differing 
degrees of uranium intoxication,® was revealed by the degree of depres- 
sion in the ratio We are now engaged m a study of the relation 
between the weight of the kidneys and the magnitude of the ratio in 
rabbits It appears that m the rabbit every 10 gm of renal tissue — 
the average weight of both kidneys m a medium sized animal — will 
yield a ratio of approximately 1 75 In man the average weight of 
both kidneys is about 300 gm If there is a direct relation between 
the magnitude of the ratio and the size of the kidney, we should 
accordingly, expect to find that the average ratio in man was 
1 75 X 30, or 52 5 Our present aveiage for normal adults is 504 — 
a sufficiently close agreement 

In Table 1 all the ratios obtained from normal persons under these 
conditions are given There are 163 m all The number of persons is 


4 Addis and Watanabe J Biol Chem 27 249, 1916 

5 Addis and Watanabe J Biol Chem 28 251, 1916 

6 Watanabe, Olner, and Addis J Exper ]\I 28 359, 1918 
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thirty-one Almost all of them were medical students between 23 and 
30 years of age In a few cases the amount of urea taken varied, but 
in the great majoiity 30 gm were given The average ratio is 50 4, 
the standard deviation ±6 61 and the variability (the standard devia- 
tion as a percentage of the average) 13 1 per cent 

Part of the variability m the latios obtained from different normal 
persons is no doubt due to differences in the amount of renal tissue 

TABLE 1 — Ratios Obtained from Normal Adults After Administration 

or Urea \nd Water 


Name 

Ratio 

Name 

Ratio 

Name 

Ratio 

Name 

Ratio 

Dru 

56 9 

4dd 

451 

Geo 

43 5 

Nak 

43 0 


58 8 


45 4 


42 0 


48 0 


56 0 


42 3 


38 5 


47 0 


58 4 


44 0 


39 7 


45 0 


57 6 


51 4 






54 4 


42 9 

Jae 

608 

-Vnk 

46 4 


53 0 


45 6 


60 8 


48 S 


54 <) 


44 8 


61 4 


50 0 


57 7 


43 5 


54 9 




585 


50 9 



War 

45 9 


54 2 


49 6 

Now 

39 2 


49 1 


54 0 


43 3 


o9 2 


il 0 


53 G 


41 9 


39 8 




491 


50 9 


39 6 

Dia 

4S 2 


50 4 


47 8 


38 3 


43 0 


57 4 


431 


35 D 


48 0 


55 3 


45 3 


38 5 




53 4 


49 3 



Ves 

46 7 


561 


44 3 

Pis 

45 1 


43 8 


55 0 


50 7 


68 7 


53 8 


52 6 


42 4 


42 5 




51 2 




514 

Dun 

50 5 


55 2 

Jen 

541 


55 3 


48 5 


53 8 


48 3 


47 1 


41 9 


58 4 


611 






57 4 


46 6 

Kol 

60 7 

jMoo 

500 


61 4 




61 7 


49 0 


58 5 

Hun 

584 


57 6 


4fi 1 


55 4 


68 2 


58 2 




56 4 




56 9 

Bin 

49 0 


57 6 

A2e 

55 9 


54 2 


52 3 


59 0 


52 6 


56 0 


i7 7 


61 1 

Har 

38 6 

Col 

GO 5 

Sea 

54 5 

Col 

41 2 


381 


59 4 


55 1 


45 6 


36 7 


65 9 


55 y 


44 2 








47 4 

Chr 

43 7 



Kel 

51 5 




48 6 

Cim 

52 4 


51 6 

Sue 

45 9 




47 8 




49 6 

Pro 

46 3 


44 8 




45 8 


54 0 



Pie 

51 1 




54 4 




47 0 

Sei 

44 7 



Mye 

46 0 


46 2 


49 7 




48 0 




502 

Nor 

53 2 


48 5 




55 6 


56 9 


39 5 

Nap 

53 0 


54 5 


58 6 


410 


55 0 


56 1 


(i4 8 


40 0 


34 6 


they possess The true variability, i e , the fluctuations due to the 
influence of other physiologic factors then the size of tlie kidney and 
to errors in collection and chemical technic, can be gaged in a rough 
way from the variability of the ratio in a single person We ha\e 
thirty-three ratios in the subject Dru and the variability is only 5 1 
per cent , as compared with 13 1 per cent in the group Some means 
should be found whereby the effect of these variations in the amount 
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of renal tissue in normal persons could be discounted It is highly 
desirable for adults, and in dealing with children it is absolutely neces- 
sary, for their ratios are, of course, much lower than those obtained 
from adults, so that no direct comparison is possible Jhere is no 
doubt some relation between body weight and renal weight, and in 
the case of children we correct the ratio by reference to a curve drawn 
from average figures given by Vierordt ^ on the percentage of kidney 
weight to body weight at different ages But we have not found any 
data from which the reliability of this correction can be calculated 



Fig 2 — Provisional separation of ratio obtained in adult men or women into 
those which can be regarded as within the limits of normal variation (normal 
ratios), those which are regarded as beyond these limits (abnormal ratios), and 
those which cannot with any certainty be described as either normal or abnormal 
(doubtful ratios) 

It seems likely that the relationship is far from being a close one 
Warthin,® who has been interested m this subject, thinks that the most 
reliable estimate of the range of variation in renal weight in adults is 
from 110 to 145 gm for the right kidney, and from 150 to 180 gm 
for the left, and he is impressed with the variability of the relation 
between kidney weight and body weight Stewart ® recently pub- 
lished some figures which showed that kidney weight varied more 

7 Vierordt Arch f Anat u Physiol Anat Abt , Suppl 62 1890 

8 Warthin, Practical Pathology, Ed 2, George Wahr Ann Arbor, Mich, 
p 155 

9 Stewart, Am Physiol 57 45, 1921 
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directly with body surface than with body weight We are at present 
collecting data on this question In the meantime, it seems preferable 
to use the ratio without attempting any correction for adults even 
though the range in which there is doubt as to whether normality oi 
abnormality exists is thereby considerably widened From the average 
and standard deviation of the ratios obtained from normal persons 
we have calculated the odds that any normal person would have as low 
or a lower ratio than those given m Table 2 The limits of the normal, 
the doubtful and the abnormal are provisionally and arbitrarily indi- 
cated They are also shown m Figure 2 

Examples of the application of this method m clinical work will be 
given m a later paper of this series We have found it of value in the 
diagnosis, prognosis and treatment of Bright’s disease 


TABLE 2 — The Odds That Any Normal Person Will Have as Low or 
A Lower Ratio Than Those Given in the Table 


Ratio 

Odds 


50 i or less 

1 in 2 1 

1 

I Normal 

40 5 or less 

1 in 15 ! 

1 

39 8 or less 

1 in 18 1 


89 2 

1 in 22 1 


38 5 

1 m 28 


37 9 

1 m 35 


37 2 

1 in 44 

■ Doubtful 

36 5 

1 m 66 


35 9 

1 m 72 


35 2 

1 in 93 


34 5 

1 m 122 


33 9 or less 

1 in 162 


83 2 

1 m 213 1 


32 6 

1 m 286 


31 9 

1 m 385 

Abnormal 

312 

1 in 527 


30 6 

1 In 741 


27 9 

1 in 1,630 1 



CONCLUSIONS 

1 Under certain special conditions, when the amount of secreting 
tissue m the kidney is constant, the amount of urea excreted in the 
urine m one hour is directly proportional to the amount of urea in 
100 c c of blood sampled during that period 

2 Under certain special conditions, when the amount of secreting 

tissue in the kidney varies, the ratio directly 

proportional to the amount of secreting tissue in the kidney 

o , 1 1 1 urea in one hour’s urine 

3 The conditions under which the ratio „rea m loo c c oT b iood 
becomes a measure of the amount of secreting tissue in the kidney are, 
first, that the urea excreting capacity be placed under a strain so that 
all the secreting tissue is called to full activity, and second, that there 
be an absence of the effect of certain specific renal stimulants and 
depressants 


STUDIES IN THE KOTTMANN REACTION 
FOR THYROID ACTIVITY'- 

W F PETERSEN, MD, F T H’DOUBLER, MD, 

S A LEVINSON, MD, 

AND 

J E F LAIBE, MD 

CHICAGO 

The function of the thyroid gland has been studied with, perhaps, 
greater interest and certainly with more profit by physiologists and 
clinicians than that of any other gland of internal secretion Dur- 
ing recent years in particular, a remarkable revival of clinical interest 
has become manifest, stimulated, no doubt, by a number of contributory 
factors, among which may be mentioned the isolation of thyroxin, the 
development of a number of simple instruments for the determination 
of basal metabolism , the study of coagulation alterations associated 
with thyroid dysfunction, the use of lodids and lodin in public health 
work, and the development of irradiation in the treatment of hyper- 
thyroidism It may, therefore, be warranted to present in some detail 
the study of the Kottmann reaction for thyroid activity, concerning 
which we have already published a brief note ^ 

Techmc — The technic of the reaction is simple and depends on the protective 
property of the serum for silver lodid When the protective power is great, 
the size of the silver lodid particles dispersed in the serum remains small and 
the photosensitivity of the silver lodid is reduced If the protective power of 
the serum is poor, the silver lodid forms larger particles, becomes more photo- 
sensitive, and will, on exposure to light and subsequent development, be readily 
reduced to metallic silver 

To 1 c c of clear serum, obtained preferably in the morning before meals, 
0 25 c c of 0 5 per cent solution of potassium lodid is added and 0 3 c c of a 
0 5 per cent solution of silver nitrate The reagents should be prepared 
freshly and accurately measured After mixing by gently agitating the 
tube, the serum is exposed for five minutes at a distance of 25 cm to a 500 
Watt mazda lamp Then 0 5 c c of a 0 25 per cent solution of hydrochinon is 
added, and the color changes noted at definite time intervals Readings can 
be made on a 4 plus basis, or colorimetrically against some arbitrary color 
standard In some of our work we have used a solution of dialyzed iron for 
this purpose and readings are then expressed in terms of a color unit Serum 
from cases of hyperthyroidism retards the development of the brown color , 
normal serum turns brown within a short period of time, serum from cases of 
hypothyroidism accelerates the appearance of the dark brown color 

CLINICAL RESULTS 

In our preliminary note we presented the results of 400 tests with 
this reaction, in which we found that m seventy cases of clinically 

* From the Department of Pathology and the Laboratory of Physiological 
Chemistr}'', Unn ersity of Illinois College of Medicine and the Laboratory of the 
A.ugustana Hospital 

1 Petersen, Dobler, Le\ mson and Laibe J A M A 78 1022 (April 8) 1922 
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evident hyperthyroidism sixty-five serums markedly retaided the reac- 
tion, two retarded the reaction only slightly, two were normal and one 
serum accelerated the reaction In forty-nine cases of simple goiter 
(colloid and adenomatous) the reaction 'was m all cases either within 
normal limits or the serum accelerated the reaction In 139 serums 
from normal individuals, thiee letarded the reaction slightly 

Kottmann* found that the adnumstration of bromids retarded the 
reaction, just as the addition of bromids directly to the serum retards 


TABLE 1 — -Effect of Addition of Potassium Iodid to Serum 


Patient 

W H K 

Date 

1/17/22 

1/19/22 

1/23/22 

1/26/22 

Medication Diagnosis 

None Sipliilis 

KI (fasting serum) 

KI (serum taken 
after meal) 

KT 

Goiter 

None 

General 

Condition 

Good 

Kottmann 

Reaction 

-*- + + 

- + 

0 

4 - 4 - 


TABLE 2 — Effect of Fright 

ON Reaction 






General 

Kottmann 

Patient 

Date 

Diagnosis 

Goiter 

Condition 

Reaction 

H D 

11/18/21 

Minor gunshot wound of’’ face 

None 

E'^tremc 

0 



11/17/21 


fright 



11/20/21 



Nervous 

+ 

^ S 

12/23/21 

Automobile accident 

None 

Verv nervous 

0 


12/25/21 



Still slightly 

4* 





nan ous 




TABLE 3 — Effect or Trauma on 

Serum 

Reaction 


Patient 

Dite 

Diagnosis 

Goiter 

General 

Condition 

Kottmann 

Reaction 

L S 

12/22/21 

Contusion of brain 

None 

Drowsv 

-f-f 

Johnson 

11/17/21 

Fractured humerus 

None 

Calm 

-L 

H S 

12/23/21 

(Accident, 11/16/21) 

Contusion of brain 

None 

Unconscious 

++ 


12/25/21 

12/26/21 

(Automobile accident, 12/23/21) 


Unconscious 

Semiconscious 

4- 

4" 4- 


the reaction We have studied this effect in a number of patients and 
have found it quite constant Merke ^ has also confirmed this effect in 
the serum of epileptics when on bromid medication 

Inasmuch as an excess of lodid added to the serum retards the reac- 
tion, we have observed the effect of the administration of lodids in 
patients Table 1 illustrates the change in the reaction 

It will be noted that the reaction is retarded, but not, as a rule, so 
completely as after the ingestion of bromids 


2 Kottmann, K Schweizer med Wchnschr 1 644, 1920 

3 Merke, F Schweizer med Wchnschr 51 200 1921 
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Flight — We have observed a decided retardation of the reaction 
with fright, illustrated in Table 2 

On the other hand, in patients who had been injured, but were not 
frightened, or injured and unconscious, the serum reaction was found 
to be unaltered (Table 3) 

The Effect of Thyroidectomy m Ea ophthalmic Cases — ^In three 
cases thyroidectomy was carried out on patients with obvious symptoms 
of hyperthyroidism and the serum was examined before and after the 
operation (Table 4) 

Effect of h radiation — We have had the opportunity of studying 
only one case in which the thyroid region was irradiated The patient, 
Mrs T , entered the Augustana Hospital with a history of nervousness 
The thyroid gland was slightly enlarged, but there was no evidence of 
hyperthyroidism and the Kottmann reaction being normal, she was not 
subjected to operation She was given one (two-third erythema dose) 
roentgen-ray treatment over the thyroid and thymic region, and the 


TABLE 4 — Effect of Thyroidectomy on Serum Reaction 


General Kottmann 


Patient 

H K 

Date 

11/ 4/21 
11/18/21 
12/ 2/21 
12/ 9/21 

Before operation 

Tvo ■neeks after operation 

Condition 

Highly nervous 

Still nervous 

Still somewhat nervous 
Still somewhat nervous 

Reaction 

0 

++ 

0 

+ 

Miss B 

S 

11/ 7/21 
11/18/21 

Before operation 

Very nervous 
Improved 

0 

+++ 

Mrs A 

J K 

11/26/21 

1 '11/22 
1/14 '22 

Before operation 

Moderate symptoms 
Improved 
Improved 

0 

+ 

+++ 


Kottmann reaction made two weeks later before the patient left the hos- 
pital was completely retarded There were, however, no evidences of 
hyperthyroidism even at this tune 


EXPERIMENTAL DATA 

In order to clear up a number of points observed with these clinical 
cases, we have carried out a series of animal experiments 

The Injection of Thyioiin — We first studied the efiect of thyroxin 
when injected into the blood stream, using dogs for this purpose 


Experiment 1 — Dog 210, weight 9,400 gm , received S mg thyroxin intra- 
venously Nov 28, 1921 Serum samples were taken as follows 


Sample 1 
“ 2 
“ 3 

“ 4 

“ 5 

'• 6 
“ 7 

‘ 8 


Before injection 
30 minutes after injection 

1 day after injection 

2 days after injection 

3 days after injection 

4 days after injection 

5 daj's after injection 
7 days after injection 


Kottmann Reaction 
+-1 — 1 — 1- (Dark brown) 

-}— j— i-+ (Dark brown) 

(Dark brown) 

-j— (— i-4- (Dark brown) 

4- (Faint blown) 

— (Unchanged) 

— (Unchanged) 

4- (Died from distempter) 
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The fact that the effect of the thyroxin is not immediate, hut that 
a latent period of several days elapses before the effect becomes apparent 
1= illustrated in the second experiment as well as in the first 


Experiment 2 — Dog 220, weight 10 kg , injected intra\ enouslj'^ with 8 mg 
thyroxin Dec 12, 1921, at 11 30 a m Serum samples were taken as follow's 

Kottmann Reaction 


Sample 1 

Before injection 

d — h 

ft 

2 

3 hours after injection 

++++ 

ft 

3 

1 day after injection 

++++ 

ft 

4 

3 days after injection 

++++ 

ft 

3 

5 days after injection 

+ 

ft 

6 

7 days after injection 

— 

f 

7 

9 days after injection 

+ 

f< 

8- 

11 days after injection 

+ 

if 

9 

15 days after injection 

+ 

ft 

10 

18 days after injection 

++ 

ff 

11 

23 days after injection 

+++ 


In this experiment the effect was first observed on the fifth day 
after injection and was still apparent after two weeks 

Thy) oidectomy — If injection of thyroxin is followed by a serum 
alteration made manifest in the Kottmann reaction by a lessening of the 
sensitivity to light, we might assume that extirpation of the thyroid 
would result in a hastening of the reaction Kottmann has found this 
reaction to be accelerated in the serum obtained from myxedema 
patients 

In this group of animals a complete thyroparathyroidectomy was 
carried out, but in the relatively short period of time that the animals 
lived, there was no distinct evidence of an alteration of the reaction in 
the direction expected 


Experiment 3 — Dog 225, operated on Dec 
removed 


Sample 

(( 

if 

f{ 


(( 

if 


1 

2 

3 

4 

5 

6 

7 

8 

9 


Serum before operation 
24 hours after operation 
2 days after operation 
4 days after operation 
6 days after operation 
8 days after operation 
12 days after operation 
15 days after operation 
19 days after operation 


15, 1921 , both lobes of thyroid 

(Colorimeter Readings) 
Kottmann Reaction 
17 
19 
14 
12 
2 

1 (Distempter) 
1 
1 

1 5 


Experiment 4 — Dog 236, operated on Dec 29, 1921, both lobes of thjroid 


removed 

Sample 1 Serum before operation 2 0 

“ 2 During anesthesia 2 2 

“ 3 After 24 hours 1 5 

“ 4 After 4 days 2 0 


These experiments are, of course, not comparable to the effects that 
have been recorded by Kottmann with serum from hypothyroid cases 
In these he found a well defined acceleration of the reaction as con- 
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trasted with the retardation found in hyperthyroidism It is possible 
that if the animals were obsen ed for a considerable time some alteration 
m the serum in the direction expected might be observed 

Massage of Thyt oid Gland —We next studied the effect of massage 
of the thyroid gland in dogs with goiters It is, of course, known that 
the dogs of the Great Lakes region frequently have goiters For our 
purpose u e selected animals having a palpable enlargement 


Experiment 5— Dog 243 Gland massaged Jan 9, 1922 

Kottmann Reaction 


Sample 1 
“ 2 

Blood taken at 11 45 a m 

24 

Masage of thyroid for 1 hour immediately after (12 

45) 2h 

“ 3 

Three hours after massage (3 45) 

1 25 

“ 4 

24 hours later 

1 0 

“ 5 

72 hours later 

Colorless 

Experiment 6 — ^Dog 245, Jan 20, 1922 



Kottmann Reaction 

Sample 1 

At noon 

(Massage for two hours 1 40 to 3 40 p m ) 

22 

“ 2 

At 4 p m 

22 

‘ 3 

At 8 30 p m 

22 

“ 4 

One day later, 1/21/22 

22 

“ 5 

Three days later, 1/23/22 

10 

“ 6 

Four days later, 1/24/22 
(Massage for one hour, 1/25/22) 

00 

“ 7 

Six days later, 1/26/22 
(Massage for one hour, 1/27/22) 

00 

“ 8 

Eight dajs later, 1 28/22 

00 

“ 9 

Ten days later, 1/30/22 

00 

Experiment 7— Dog 246, Jan 24, 1922 


Sample 1 

At 10 a m 

(Massage two hours 10 to 12 noon) 

25 

“ 2 

At 2 p m 

22 

3 

At 6 p m 

22 

4 

One day later, 1/25/22 
(Massage one hour, 1/27/22) 

16 

" 5 

Four days later, 1/28/22 

Colorless 

“ 6 

Six da 3 s later, 1/30/22 

Colorless 


The next dog used had no apparent goiter, but the thyroid gland 
could be palpated The gland was massaged for one hour Jan 27, 1922, 
and for one hour January 2 After the first massage the tissues of 
the neck were somewhat edematous and particularly the thyroid lobes 
were sensitive to touch This continued for several days 


Experiment 8— Dog 256, Jan 27, 1922 

Kottmann Reaction 

Sample 1 

10 a m , before massage 
(10 to 11, massage) 

22 

“ 2 

At 12 a m 

22 

“ 3 

Sam one dav later, 1/28/22 

20 

“ 4 

Sam, three days later, 1/30/22 

20 

“ 5 

Sam SIX days later, 2/2/22 
(Massage one hour) 

04 

“ 6 

Seien days later, 2/3/22 

00 
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hiadxaUon — The loentgen ray and other related physical agents 
have dual effects on tissues/ small doses causing stimulation (func- 
tional, formative, etc ) while large doses may cause functional paralysis 
and destruction of the cells Like othei glandular tissues the thyroid 
gland IS 1 datively sensitive to irradiation We might expect, theie- 
fore, that small doses would cause some stimulation of the gland and 
result in an alteration of the Kottmann reaction W e ha\ e cai i led out 
four expel iinents in this connection 

Explrimlnt 9 — Dog 178, Oct 29, 1921, irradiation over thvroid area at 
8 45 a m (Dose S minutes, Coolidge tube without filter, 5 inch spark, 10 inch 
focal distance, 3 ma ) 

Kottmann Reaction 


Sample 1 Serum before irradiation 0 0 

“ 2 Serum 30 minutes after irradiation 0 9 

“31 hour and 30 minutes after irradiation 0 18 

“43 hours and 30 minutes after ii radiation 033 


In this experiment, extending over a shot t period of time, it becomes 
evident that the fiist effect of the iriadiation is not one indicating 
hyperthyroidism 


Experiment 10 — Dog 179, Oct 31, 1921 Irradiation as before 

Kottmann Reaction 

Sample 1 Scrum before irradiation 1 0 

“ 2 30 minutes after irradiation 1 5 

“31 hour and 30 minutes after iriadiation 40 

“45 hours after irradiation 0 0 

“ 5 24 hours after irradiation 00 

Experiment 11 — Dog 180, Nov 1, 1921 Irradiation as befoie 

Kottmann Reaction 

Sample 1 Serum before irradiation 1 3 

“ 2 30 minutes after iriadiation 2 5 

“31 hour and 30 minutes after irradiation 1 1 

“46 hours after irradiation 0 7 

Experiment 12 — Dog 183, Nov 1, 1921 Iriadiation as before 

Kottmann Reaction 

Sample 1 Serum befoic irradiation 10 

“ 2 30 minutes after iriadiation 2 2 

“31 hour and 30 minutes after irradiation 2 2 

“43 hours and 30 minutes after irradiation 2 2 

“57 hours and 30 minutes after irradiation 1 1 

“61 day after irradiation 0 5 

“73 days after irradiation 00 

“86 days after irradiation 00 


All four experiments indicate that the fiist eflect of the niadiation 
seems to increase the photosensitiveness of the reagents, the color 
developing moie rapidly and to a greater depth in the serum samples 
taken duiing the hours immediately following the irradiation After 
this time, however, the leaction is leversed and the seiiim reaction is 
letarded In no case is the reaction retarded to the extent that one 
finds in serum fiom cases of hyperthyi oidism 


*The reaction delayed, an experience met witli not mfrequentU in dog": 
4 Petersen and Saelhof Am J M Sc 163 391 (March) 1922 
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In the next dog the dose was increased (10 minutes) and the serum 
examined for a longer time after the irradiation 

Experiment 13 — Dog 209, Nov 28, 1921 

Sample 1 Blood before irradiation 
“21 hour after irradiation 
“31 day after irradiation 
“42 days after irradiation 
“53 days after irradiation 
"64 da>s after irradiation 
“75 days after irradiation 
“87 days after irradiation 
"99 days after irradiation 
" 10 12 days after irradiation 

It will be observed that in this case the evidence of increase in the 
thyroid activity was not apparent until about seven days after the 
irradiation, if we exclude the transient alteration that was apparent 
twenty-four hours after the raying 

hiadiation of Othei Regions Lwer — During the course of the 
work it seemed probable that any cellular destruction that would entail 
the accumulation of the products of tissue destruction in the blood 
stream might influence the Kottmann reaction With a large dose of 
roentgen-rays we might anticipate the presence of such fragments 
derived from the cellular destruction of the liver parenchyma An 
experiment was made to determine the point 

Experiment 14 — Dog 234, Dec 12, 1921 Liver area rayed for a total of 
forty -five minutes, no filter, 5 inch spark gap, 3 ma , 10 inch focal distance 

Kottmann Reaction 


Sample 1 Before irradiation 2 0 

“21 hour after irradiation 2 0 

“ 3 4 hours after irradiation 1 5 

“41 day after irradiation 1 4 

“ 5 3 days after irradiation 1 0 

“66 days after irradiation 1 0 

“79 days after irradiation 1 5 


Here again the reaction observed is not of the type seen with 
exophthalmic serums, because the delay in the serum reaction is 
transient , after 5 minutes the color in the tubes is usually equalized 
Cliloiofoiin Ncciosis of the Livei — That the reaction is delayed 
when the liver is injured by other methods was observed when we 
produced a chloroform necrosis of the liver in dogs (two days starva- 
tion , one hour chloroform anesthesia) The serum from these animals 
examined tuo days after the anesthesia was bile stained and the Kott- 
mann reaction was considerably retarded 

The experiments make probable the assumption that any extensive 
tissue injury may bring about serum alteiations similar in character to 
those produced in h} perthyroidism It is, of course, not excluded that 
irradiation of this kind and other related injuries may mobilize sub- 


Irradiation at 11 30 a m 

Kottmann Reaction 
20 
20 
15 
175 
175 
175 
175 
05 
00 

0 0 Killed 
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stances which, on entering the blood stream, ina)' stimulate the tlnroid 
gland We are of the impression that the first explanation is the 
correct one 

Effect of Bacieual Intoxication — In order to deteimine the effect 
of a severe intoxication (pioduced by the injection of colon bacilli) the 
following experiment was carried out 


Experiment 15 — Dog 233, Dec 21, 1921, weight, 13 2 kg , injected intra- 
venously with 500 mg (moist weight) of a fresh culture of colon bacilli, at 


10 30 a m 


AX/ CA All 

Sample 1 

Before injection 

Kottmann Reaction 
125 

“ 2 

30 minutes after injection 

07 

“ 3 

1 hour and 30 minutes after injection 

00 

“ 4 

3 hours and 30 minutes after injection 

0 62 


Effect of Peptone Injection — 


Experiment 16 — Dog 231, weight, 7 5 kg , injected with 2 gm Witte pep- 
tone intravenously at 10 35 a m 


Sample 1 
“ 2 

“ 3 

“ 4 


Kottmann Reaction 

Before injection 1 9 

10 minutes after injection 

Serum flocculates when hydrochonin is added 
1 hour after injection 1 3 

4 hours after injection 1 6 


The animal was m shock for about thirty minutes after the injection, 
but made a complete recovery within an hour The reaction was some- 
what delayed 


Effect of Peptone Ingestion — 


Experiment 17 — Dog 237, weight, 8 kg, given 50 gm Armour’s peptone 


by mouth 

at 10 a m 

Kottmann 

Leukocyte 



Reaction 

Count 

Sample 1 

Before injection 

20 

12,000 

“ 2 

30 minutes later 

20 

14,300 

“ 3 

1 hour and 30 minutes later 

1 7 

40,000 

“ 4 

4 hours later 

18 

28,400 

“ 5 

24 hours later 

19 

14,000 

While the animal reacted with a 

distinct leukocytosis. 

the Kottmann 


reaction was not altered to any marked extent, only a slight retardation 


being apparent 


Effect of Trypsin Ingestion — 

Experiment 18 — Dog 182, 15 gm trypsin (in the form of enteric pills) 
was placed directly into the small intestines through a small enterostomv 
opening 

The effect on the serum was studied at the following intervals 

Kottmann Reaction 
1 1 
14 
1 1 


Sample 1 
“ 2 


3 

4 

5 

6 


Before administration of trj'psin 
2 hours after 
4 hours after 


6 hours after 
10 hours after 
24 hours after 


04 

10 

14 
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In another experiment trypsin m solution was injected directly into 
the small intestine in the same dog at 11 30 a m (20 gm ) 

Experiment 19 —Dog 182 The serum was studied at the following intervals 

Kottmann Reaction 


Sample 1 
“ 2 

Before injection 


1 1 

1 hour later 


1 1 

“ 3 

2 hours later 


04 

“ 4 

4 hours later 


09 

“ 5 

8 hours later 


06 

“ 6 

24 hours later 


12 

Effect of Hemor) Jiage on the Kottmann Reaction — 


Experiment 20 — Dog 184, weight, 7 kg Bled 

as follows 

Kottmann 

Sample 1 

100 c c 


20 

“ 2 

100 cc 1 hour later 


16 

“ 3 

100 c c 2 hours later 


16 

“ 4 

60 c c 3 hours later 


14 

“ 5 

80 c c 4 hours later 


10 

Experiment 21— Dog 199, 9,600 gm Bled as 

follows 

Kottmann 

Serum 

Plasma 

Sample 1 

300 c c 

125 

125 

“ 2 

80 c c 1 hour later 

1 5 

0 85 

" 3 

80 c c 2 hours later 

125 

OS 

4 

80 c c 3 hours later 

07 

00 


Experiment 22— Dog 200, 8,100 gm Bled as follows 


Sample 1 
“ 2 
“ 3 

“ 4 


100 c c 
100 c c 
100 cc 
100 cc 


1 hour later 

2 hours later 

3 hours later 


imp 


Experiment 23 Dog 238 , the reaction was not altered 
Experiment 24 -Dog 265, 21,000 gm , bled as follows 

10 a m 

10 30 a m 

11 a m 
1pm 
4pm 

11 a m following day 



Kottmann Serum 
17 
17 
14 
05 


Kottmann Serum 
1 5 
15 
20 
20 
1 5 
10 


effect of exercise on the Kottmann reaction was 
studied driven treadmill was used in which the dogs 

were placed forSt^° hour runs The serum showed no alteration with 
^'^cise of this deg^*i^^ 

^When the duratiom^^ experiment was prolonged, some effect 
was wserxed, as is shownSiJi^^^ following experiment 


Kottmann Serum 
20 

175 

10 


Experii^nt 25 — ^Dog 235, Dec 29;^l%l 
Sample 1 


2 

3 


Before 

(Treadmill six hours, about 90,000 feet) 
Immediately after exercise 
Following morning 
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While the effect seemed apparent in the direction of retardation, 
this was never marked and could by no means be compared to the 
retardation obtained with exophthalmic serums 

DISCUSSION 

Inasmuch as we were able to confiim the clinical usefulness ^ of the 
Kottmanii reaction in making apparent certain alterations in thyroid 
activity associated with hyperthyroidism, we have in these experiments 
sought to determine whether the reaction indicated the presence of the 
thyroid secretion in the blood, or whether the active substance of the 
gland brought about alterations in the tissue metabolism, which then 
became manifest m an indirect way m the Kottmann reaction 

Our expel iments support this latter contention Apart from the 
fact that when thyroxin is directly added to serum, the Kottmann reac- 
tion IS not retarded, we found that injection into animals was not 
followed by an immediate change in the reaction, but that a period of 
several days elapsed (from three to five) before the effect of the injec- 
tion became apparent m the serum This corresponds with the clinical 
experience that with injection of thyroxin the maximum effect does not 
become apparent for a number of days, but then may persist for ten 
days or more This corresponds with the effect on the Kottmann reac- 
tion observed in dogs 

We have, furthermore, been able to demonstrate that following 
irradiation of the thyroid region with moderate doses of roentgen rays 
a similar effect may be brought about This observation, too, coincides 
with the frequent clinical observation of thyroid activation during ihe 
course of roentgen-ray irradiation of the gland as a therapeutic measure 
Massage of the hypertrophied gland in dogs also results in a retarda- 
tion of the serum reaction three or four days after the massage In 
the single experiment with massage of a normal gland some retardation 
was also observed, but not to the same extent as with the goiter dogs 
Other experiments which were made (massive roentgen-ray irradia- 
tion of the liver, peptone shock, bacterial shock, hemorrhage, etc ) were 
all followed by definite serum alteration, usually in the direction of a 
retardation of the reaction This we believe is m these cases brought 
about by an alteration in the globulin ratio of the serum, as well as 
alterations in the hydrogen ion balance, a subject which will be taken 
up m a subsequent paper 

It is evident from the results of these experiments that the alterations 
in the reaction with serum obtained under different experimental condi- 
tions need not be associated with thyroid dysfunction The thyroid 
dysfunction alters cellular metabolism and this, m turn, alters the 
physical properties of the serum so that in cases of hyperthyroidism the 
serum is a better protective agent than normally If the cellular 
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metabolism is altered by other insults, serum alterations must also take 
place and these will be reflected in the Kottmann reaction It is needless 
to emphasize that for general clinical work great weight need not be 
attached to changes other than those involved in thyroid dysfunction, 
because we have not found that they alter the reaction (in dogs) to a 
degree comparable with the alterations produced in thyroid disturbances 
in clinical material 

We have observed that dog serum when standing for several days in 
the refrigerator loses its protective power to a considerable extent, 
differing in this from serums obtained from cases of hyperthyroidism, 
which have been kept for several weeks with only a partial loss of their 
protective property Comparative tests made with dog serum must 
therefore always be made on fresh serum under strictly uniform 
conditions 

CONCLUSIONS 

1 In clinical cases of hyperthyroidism the Kottmann reaction may 
return to normal after thyroidectomy Fright, on the other hand, pro- 
duced a positive reaction in two patients, in control patients who 
were subjected to similar trauma, but who were not frightened (one 
unconscious, one semiconscious, the other conscious and calm) the reac- 
tion was within normal limits 

2 Experimentally it has been found that thyroxin injections, irradia- 
tion and massage of the hypertrophied gland resulted in an mcreasea 
protective property of the serum which became manifested in the course 
of several days The serum alteration is, therefore, not a direct one, 
but IS evidently the result of alterations in cellular metabolism brought 
about by the increased thyroid activity 

3 Other experimental procedures may alter the reaction (bacterial 
shock, peptone shock, trypsin ingestion, hemorrhage, irradiation of 
remote organs) In no case was the delay m the reaction comparable 
to that observed with exophthalmic serums and we do not believe that 
the alterations in the reactions observed under these experimental condi- 
tions will detract from the clinical usefulness of the test in the diagnosis 
and the control of the therapy of thyroid dysfunction 



THE GLUCOSE MOBILIZATION RATE IN 
HYPERTHYROIDISM ' 

BERTRAM J SANGER, MD, and ELSIE G HUN 

NEW \ORK 

In a preliminary paper ^ on this subject the results of some observa- 
tions on the glucose mobilization rate in hyperthyroidism were reported 
In this paper the results will be exhibited in greater detail Ten 
normal controls and ten well marked cases of exophthalmic goiter have 
been studied under identical conditions All the cases of hyper- 
thyroidism were of the same type, i e , exophthalmic goiter, with all 
the clinical manifestations of a well marked thyrotoxicosis 

The object of the experiments was to obtain some insight into the 
mechanism of so-called decreased carbohydrate tolerance in cases of 
hyperthyroidism Through studies of the change in the blood sugar, 
the respiratory quotient and the total metabolism, before and after 
glucose ingestion, we derived our data for computing the carbohydrate 
utilization 

The procedure need not be gone over again m detail as it was 
clearly outlined m the preliminary paper A Ti'^sot spirometer, equipped 
with a Siebe-Gorman half face mask and Douglas valves, and a Haldane 
gas analysis apparatus, were used routinely in all the experiments under 
the standard technic for this type of work Samples of the total 
expired air were taken over mercury in a special &'^mpling tube for 
analysis All technical results and calculations were cai efully checked 
over, and all sources of error eliminated, in so far as it was possible 
Altogether the expeiiment occupied about three and one-half hours 
The fasting patient was put to rest for from one-half to three-q-iarters 
of an hour after which a basal period was run The mask was then 
replaced for a second basal period The basal respiratory quotient ond 
total metabolism used m our calculations were the average of thti^ 
two periods As soon as these were completed, blood was taken for 
a fasting blood sugar, and the glucose was given m a mixture of grape- 
fruit juice — for the most part the dosage was 1 75 gm per kilogram 
body weight^ In one or two of the first experiments 100 gm ^^as 
given without regard to weight Fifteen minutes after the ingestion 
of the glucose, the blood sugar was taken, and five minutes later (i e , 
twenty minutes after glucose ingestion), the mask was replaced for 

*From the Department of ^Medicine, College of Phjsicians and Surgeons 
Columbia Universitj and the Presbjtenan Hospital 

1 Sanger, B T Proc Soc Exper Biol & M 17 117, 1921 

2 Jannev and Isaacson J A. ^I A 70 1131 (A.pril 20) 1918 
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the first postglucose period The duration of the periods was usually 
ten minutes This made the first period end on the half hour after the 
taking of the glucose From then on until the end of the expeiiment a 
period was run every half hour, making in all five postglucose periods 
Blood was withdrawn again one hour and two hours after the glucose 
ingestion This gave us two basal periods and five postglucose periods, 
and four samples of blood for analysis A specimen of urine taken at 
the end of the experiment was tested for glucose With the data 
obtained, the calculations were made and tabulated 

The comparison of the change in the metabolic rate between the 
normals and the cases of hyperthyroidism was very confusing The 
percentage rise above basal was much less in the cases of exophthalmic 
goiter than in the controls, but if the abnormal cases were figured on 
the basis of what the rise in calories would have amounted to had the 
patient’s basal metabolism been normal, then the results were very 

TABLE 1 — Blood Sugar Curves in Normal Controls 



'cL 

HD 

W VG 

F H 

B S 

,A 

MC 

MC 

H J 

BMc 

hrg' 

Aver- 

age 

Fasting 

0 89 

0 83 

0 91 

09^ 

080 

0 87 

0 72 

1 10 

0 92 

Lost 

0 85 

15 minutes 

098 

105 

119 

137 

109 

1 10 

1 24 

120 

1 03 

0 76 


60 minutes 

130 

108 

0 93 

1 61 

135 

1 26 

1 54 

167 

1 40 

0 78 


120 minutes 

0 95 

0 95 

110 

1 14 

1 15 

1 17 

1 20 

120 

1 03 

0 73 


Range 

0 41 

0 25 

0 28 

0 59 

0 55 

0 39 

0 82 

0 57 

0 48 


0 48 


TABLE 2 — Blood Sugar Curves in Cases of Hyperthyroidism 


Name 



' FB 

HG 

FR 

OE 

LM 

-A 

AS 

MD 

6S 

BS 

FR ' 

Sver- 

ige 

Fasting 

091 

0 95 

r02 

103 

093 

1 13 

0 91 

lOO 

112 

0 94 

099 

15 minutes 

13 

1 25 

1 54 

1 40 

137 

200 

1 50 

1 40 

1 74 

ISO 


60 minutes 

210 

280 

2 32 

204 

1 80 

2 32 

190 

1 80 

210 

150 


120 minutes 

185 

2 30 

200 

150 

1 30 

1 07 

1 66 

1 04 

1 40 

107 


Range 

0 94 

1 35 

1 30 

101 

087 

1 19 

099 

0 80 

, 0 98 

0 50 

lOO 


Similar to those obtained in the normal controls It seems likel}^ there- 
fore, that the specific dynamic action of carbohydrates is much the 
same in cases of hyperthyroidism and in normal persons 

Taking as a normal blood sugar curve, one that has a fasting level 
from 0 7 to 11 gm per liter, that reaches its peak in one hour after 
glucose ingestion, rarely going higher than 1 7, and which tends to 
reach its fasting level within two hours, then our ten normal controls 
were well within this range (Table 1) 

In no case did glucose appear in the urine 

The cases of hyperthyroidism showed essentially normal fasting 
blood sugars, though on the average they were somewhat higher than 
the fasting values found in the normals (Table 2) The range m the 
great majorit}^ of cases studied, however, was quite different There 
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WJ 

was a distinct use aftei fifteen minutes, but the peak was not i cached 
until aftei one houi wdien it was distinctly above the noiinal r.inge 
The blood sugar, in the gieat majoiity of cases, lemained distinctl) 
elevated aftei two hours There was one notable exception to this in 
one case (E R , a veiy distinct case of exophthalmic goitci), in wdiich 
the blood sugar curve w^as cntiiely noimal At the time of the test 
this patient had auiiculai fibi illation which was almost ceitainly scc- 
ondaiy to the thyiotoxicosis, as it cleaied up entiiely (elcctio- 
caidiogiaph evidence) under tieatment This lather stiikingly normal 
cuive in a well maiked case, along with one oi tw'o othci cases in the 
senes that weie within noimal variation, showed that all cases of 
hyperthyroidism do not have deranged carbohydrate metabolism if 
judged by blood sugai curves alone Five of the cases show^ed glycosuiia 
after the glucose ingestion, three weie sugar free and two w^cie not 
tested through erioi 

TABLE 3 — Cuuvcs oi RrsPiuAToiiv Quoticnt in Normal Controls 


Nnmp 



'o L 

11 D 

W VQ 

E U 

B b 

M C 

M C 

n.T 

R Me 

11 R g' 

\\cr- 

nge 

Basnl 

0 78 

0 83 

0 75 

0 77 

0 78 

0 70 

0 83 

0 85 

083 

0 75 

0 80 

30 mlnutcH 

0 82 

081 

0 8-4 

080 

0 80 

0 82 

083 

083 

088 

0 70 


fiO minutes 

0 80 

080 

0 88 

0 80 

084 

0 88 

080 

0 84 

084 

0 81 


00 minutes 

0 80 

0 88 

088 

000 

080 

0 80 

083 

0 88 

0 88 

080 


120 minutes 

0 87 

088 

084 

002 

088 

002 

002 

0 03 

0 03 

083 


150 minutes 

0 04 

0 00 

000 

000 

0 80 

0 03 

000 

0 80 

0 02 

0 87 


Rnngc 

010 

0 00 

015 

015 

010 

014 

OOO 

010 

010 

012 

012 

TABLE 4 

— CURVLS 

or Rl Sl’IRATORY 

QuoTirm in 

Casi s or 

Hyplriiiyroidism 


Nnmo 













\\er- 

ngp 


'fb 

n G 

PIv 

0 E 

LM 

A S 

M 1) 

G S 

B R 

r R ' 

Bnsnl 

0 75 

0 70 

0 70 

0 75 

0 75 

0 74 

0 70 

0 70 

0 81 

0 72 

0 70 

30 minutes 

0 81 

0 70 

0 81 

0 81 

0 88 

0 83 

0 82 

0 79 

088 

0 70 


00 minutes 

000 

080 

000 

002 

0 08 

0 81 

0 07 

0 01 

002 

0 83 


OO minutes 

0 01 

0 01 

0 02 

100 

0 07 

0 88 

007 

1 00 

007 

0 85 


120 minutes 

0 9! 

000 

0 91 

1 03 

000 

0 85 

008 

0 08 

0 05 

002 


150 minutes 

099 

002 

0 04 

105 

0 05 

0 80 

0 97 

0 00 

000 

060 


Rnuge 

021 

010 

018 

0 30 

0 23 

015 

010 

0 21 

010 

0 20 

0 20 


The respiiatoiy quotients wdien studied in phases ofiered the most 
mteiesting data in oui expeiimcnts The basal quotient on the average 
in the cases of hyperthyioidism W'^as slightly low^ei than m the noimal 
controls — 0 76 as compaied to 0 80 (Tables 3 and 4) In the cases of 
exophthalmic goiter after the dose of glucose had been given, the 
quotients lose rapidly to a high figure, in one case going as high 
as 105, wheieas in the noimal cases, the quotients lose inoie slowly, 
and did not reach neaily so high a point The high level of the 
respiratory quotient w^as maintained for a longer time in the cases of 
hypeithyroidism than in the normal controls, and at the end of the Iw'O 
and one-half houis wxas still veiy high The a\erage lange from the 
basal to the peak in the cases of hyperthyroidism w^as tw^ent) points, 
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while that m the normals was only twelve, the greatest being thirty in 
the one and sixteen in the other This proves very strikingly that 
individuals with thyrotoxicosis can burn -carbohydrate readily, in fact, 
do burn it with avidity, and along with the fact that their blood sugar 
stays high suggests very probably that there is an inability for storing 
carbohydrate in these cases For if they burn it more rapidly than 
do normals, and in spite of this maintain a high blood sugar, then 
obviously they cannot be storing it There is good experimental evi- 
dence to substantiate this view ® 

From the figures of the respiratory quotient we derived our calcula- 
tions for the utilization of carbohydrate Fifteen per cent was deducted 
from the total calories per hour for that portion of the heat derived 
from protein metabolism ^ The remaining calories were assumed as 
coming from carbohydrate and fat, and were apportioned to each of 
these metabolites according to the percentage tables of Zunst and 
Schumburg as modified by Riche and Lusk The respiratory quotients 
i\ ere used directly without deductions for protein metabolism as derived 
from the urinary nitrogen, that is, they were not nonprotein respiratory 
quotients For practical purposes of comparison this seemed adequate, 
though we realized that nitrogen studies would have made our data 
somewhat more accurate The difficulty of collecting specimens over 
short periods, however, and the uncertainty of the nitrogen m the urine 
collected representing the protein utilized during the period of the 
experiment, due to the nitrogen lag, decided us to leave urinary studies 
out of our work Tables 5 and 6 show the calculations in each case 

It IS evident that in the normal cases following the dose of glucose, 
there was an increase in the number of grams of carbohydrate utilized 
01 er the amount utilized at basal This increase, however, was only a 
small proportion of the quantity ingested, the total for the two and 
one-half hours following the ingestion of the dose being on the average 
18 1 per cent of the amount taken (Table 7) This, plus the rapid 
rise and fall in the blood sugar, makes us feel that in these cases the 
greatei part of the carbohydrate- is stored 

In the cases of hyperthyroidism, on the other hand, an average of 
36 1 per cent (Table 8) of the amount ingested was burned over the 
same period (two and one-half hours) and at the end of this period 
the blood sugai was still gieatl)^ elevated The amount of caibohydrate 
accounted for by this increased blood sugar is very small, only amount- 
ing to a few grams, but when we lealize that the maintained high 
concentration of sugar in the blood means a high concentration of sugar 
in the tissues, this figure is more significant 

3 Cramer and Krause Proc Roy Soc, Ser B 86 50, 1913 Kurnama 
J Biol Chem 33 193, 1918 

4 Volt E Ztschr f Biol 41 188, 1901 



TABLE 5 — Data on Ten Normal Co^TROLS Aiter Gilcosi Ingestion 



1?(S 

pirn 1 
tor\ 
Quo 
tic 111 

C ilo 
rics 
per 
H) 


C lio 
rics 
per 
Sq 

AI 

per 

Hr 

Pei 

Cent 

lti=t 

\bo\c 

B.is.il 

Clio j 
Pi I ric"- 1 

Cent from 
Rise C ir 
Abo\c bolA d 
Nor 1 and 

m.il 1 Pat' 

1 

! Per 
( ent , 
Cnlo 
rics 
fiom 
C ir 
holn (1 

i 

C nio 
\ ries 
, from , 
1 Car 1 
lboli>d 

1 

Gm C irlm 1 
Indratc ' 
Lilli?! d 

Blood 
Suf. ir. 
Gin 
per 

1 Iter 


Tot 1) 

! 

In ' 
tre ii-cl 

C L , cr.20 

Ht , 17() 0 Cm 

Wt , 05 hg 

Dose of glucose, 
114 Gm 

Basal 

n 8 

05 5 

0 

1 

1 

! 

30 1 

1) 

0 

1 15 7 

25 2 

' 1 

no 

1 

I ■* 

1 

n 89 

Post glucose 

SO minutes 

0 82 

7’ 8 

8 3 

41 0 

13 

1 

1 

02 7 

38 8 

24 3 

1 

1 19 

2 5 

0 98 1 

00 minutes 

0 to 

73 2 

7 7 

40 0 

1 J 

11 

1 02 2 

32 0 

19 9 

I >'• 

1 1 

1 3 

90 minutes 

0 P) 

70 7 

5 2 

39 3 

8 

7 

00 2 

02 f> 

17 7 

9 2 

J 8 


120 minutes 

0 87 

Of. 3 

0 8 

30 9 

1 

0 

50 4 

11 & 

n 1 

7 7 

1 3 

1 0 95 

150 minutes 

0 91 

e8 9 

3 1 

18 3 

1 

5 

58 0 

79 0 

40 0 

11 4 

8 0 


H D , cT, 20 

Ht . 175 2 Cm 

Wt , 08 Kg 

Dose of glucose, 
120 Gm 

Basal 

0 83 

j 

1 (u 1 

j 

{) 

j 

3G7 

0 

i 

0 

57 4 

49. 0 

1 

j 

24 2 

5 9 


1 

0 8o. 

Post glucose 

30 minutes 

0 81 

74 (t 

7 5 

40 8 

11 

10 

03 4 

35 1 

22 1 ' 

1 » 

0 1 

1 05 1 

GO minutes 

0 80 

71 7 

4 0 

*>9 2 

0 

0 

00 9 

32 0 

19 5 

1 8 

—1 1 

1 08 

90 minutes 

0 88 

0 75 

7 9 

41 0 

11 

11 

03 8 

59 2 

37 8 

') 2 

1 3 


120 minutes 

0 88 

70 8 

12 7 

410 

18 

17 

07 8 

59 2 

10 1 

9 8 

1 9 

0 95 

150 minutes 

0 90 

77 3 

10 2 

42 2 

14 

14 

05 7 

00 0 

41 4 

10 0 

4 7 


W V G , 32 

Ht , 183 6 Cm 

Wt , 71 9 Kg 
Dose of glucose, 
120 Gm 

Basal 

0 75 

77 3 

0 

39 8 

0 

0 1 

05 7 

15 0 

j 

09 


1 

1 

1 

0 91 

Post glucose 

30 minutes 

0 84 

84 7 

74 

43 7 

10 

1 

10 

72 0 

45 0 

32 8 

j 

SO 

1 

1 ) 0 

1 19 1 

GO minutes 

0 68 

80 3 

90 

44 5 

12 

12 j 

73 4 

59 2 

J3 4 

10 0 

[82 

0 93 

90 minutes 

0 88 

89 7 

12 1 

40 2 

10 

17 

70 2 

59 2 

151 

11 0 

8 0 


120 minutes 

081 

89 7 

12 4 

40 3 

10 

17 

70 2 

45 0 

31 7 

8 5 

01 

1 1 

150 minutes 

0 90 

82 5 

5 2 

12 5 

7 

8 

701 

00 0 

10 3 

11 3 

, fco 


r H, 9,23 

Ht , 171 1 Cm 

Wt , 62 Kg 

Dose of glucose, 
91 Gm 

Basal 

0 77 

55 1 

0 

34 4 

0 

1 

0 

1 

4C8 

, 21 8 

1 

10 2 

2 5 

j 

t 

0 92 

Post glucose 

30 minutes 

0 80 

59 8 

17 

37 4 

9 

8 

50 8 

32 0 

10 3 

4 0 

1 5 

1 371 

GO minutes 

0 80 

1 00 8 

5 7 

1 38 0 

10 

10 

51 7 

32 0 

10 0 

4 0 

1 1 5 

1 51 

90 minutes 

090 

03 4 

83 

39 0 

15 

14 

53 9 1 

00 0 

35 0 

87 

0 2 


120 minutes 

0 02 

05 4 

10 3 

40 9 

19 

18 

55 0 

72 8 

40 5 

99 

7 4 

1 11 

150 minutes 

0 90 

03 1 

8 0 

39 5 

15 

14 

53 0 1 

00 0 

35 4 

8 0 

0 1 


B S , 29 

Ht , 169 Cm 

Wt , 51 G Kg 
Dose of glucose, 
90 Gm 

B is.il 

0 78 

51 8 

0 

! 

32 8 

0 

0 

44 0 

25 2 

n 1 

2 7 


1 

08 

Post glucose 

30 minutes 

0 80 

50 9 

5 1 

30 0 

10 

8 

48 4 

32 0 

15 5 

38 

' 1 

1 1 

1 091 

GO minutes 

0 84 

59 0 

7 2 

37 3 

14 

11 4 

50 2 

450 

22 9 

5 0 

2 9 

1 35 

90 minutes 

0 80 

17 8 

0 0 

30 0 

12 

90 

491 

52 4 

25 7 

03 

3 (> 


120 minutes 

0 88 

00 4 

8 0 

38 2 

10 

13 7 

51 3 

59 2 

■’0 4 

7 4 

4 7 

1 15 

150 minutes 

OSG 

50 1 

1 43 

35 5 

8 

0 8 

47 7 

52 4 

25 0 

01 

3 1 


AI C , 9 , 25 

Ht , 164 4 Cm 

Wt , 51 Kg 

Dose of glucose, 
89 Gm 

Basal 

0 79 

52 9 

0 

30 0 


0 

i 

45 0 

1 

; 2S G 

1 

i 

i i 

j 12 9 ' 

1 

0 1 ' 


0 87 

Post glucose 

SO minutes 

0 82 

55 2 

23 

37 0 

4 

4 

40 9 

38 8 

18 2 

t 

4 4 ' 

1 ’ 1 

1 1 t 

GO minutes 

0 88 ' 

53 0 

07 

30 5 

1 

1 

45 0 1 

59 2 

27 0 

Oc, 

3 5 ' 

1 20 

90 minutes 

0 89 i 

55 3 

2 4 

37 0 

4 ' 

4 

47 0 ' 

02 0 

29 4 

7 2 

4 1 


120 minutes 

092 1 

53 7 

08 

30 5 

1 

1 

45 0 

72 8 

0 1 

81 ' 

5 0 1 

1 17 

150 minutes 

0 93 

14 1 

1 0 

37 1 

1 3 

1 

3 

I 40 3 

70 2 

1 

35 3 

80 

') } 



* 15 per cent deducted from ealories per hour lor calorics from (nitropcn) protein 
t Blood sugar 15 minutes post glucose 
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TABLE 5— Data on Ten Normal Controls 
After Glucose iNGzs-noN—CConfmned) 



Res- 

pira- 

Calo- 

ries 

Rise, 
Calo 
i lies 
t per 
Hr 

Calo 

nes 

per 

Sq 

M 

per 

Hr 

Per 

Cent 

Rise 

[Above 

Btsal 

! 


j Calo 
[ ries 
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The explanation seems obvious In cases of hyperthyroidism there 
IS a deficiency in the ability to store carbohydrate This makes for 
a carbohydrate plethora and the carbohydrate plethora stimulates 
carboh}( drate metabolism This inability to stoie carbohydrate appears 
to be the only logical explanation of the carbohydrate plethora, as it 
cannot be due to the inability of the tissues to utilize it in this condition 
Besides, this explanation fits in with the experimental evidence, as 
Cramer and his collaborators and Kunyama have shown that thyroid 
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TABLE 6— Data on Ten Cases of Haperthtroidism in Which 
Glucose Was Administered — {Continued) 
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TABLE 7 — Grams OF Caubohi 


drate Utilized by Normal Controls 
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fed lats on high carbohydrate diets had negligible amounts of ghcogcn 
stored in their livers, while control animals on the same diet shoved 
large amounts There is also some clinical evidence that points to the 
lack of glycogen reserve in hyperthyroidism It has been obsen ed that 
subjects with exophthalmic goiter can be sent into acidosis veiy easily 
by brief periods of fasting A very striking example of this was 
seen “ The patient entered the hospital for the treatment of hyper- 
thyroidism As she had a glycosuria on general diet she was put on 
the “standard strict diet” (approximately 10 gm caibohydiate , 100 gm 
protein, 100 gm fat) in an attempt to clear up the glycosuria She 
giadually went into acidosis This was soon cleared up under carbo- 
hydrate feeding The carbohydrate in the diet was then rapidh 
increased until 190 gm were given per day without appreciable 
quantitative change in the glycosuria A subsequent diet with restricted 
carbohydrate promptly brought on an acidosis with impending coma, 
which was quickly cleared up by carbohydrate feeding This suggests 
that the patient had a very small glycogen reserve 

TABLE 8 — Grams of Carbohydrate Utilized b\ Subjects 
WITH Hyperthyroidism 


Total gm cnrbo 
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Dose of glucose, 
gm 
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20 2 

31 2 

94 

84 

05 

92 

82 

72 
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88 
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41 1 

32 2 

34 9 

41 3 

44 3 

332 

38 3 

37 5 

321 

20 2 

301 


SUMMARY 

Ten normal persons and ten subjects with exophthalmic goiter have 
been studied under identical conditions The blood sugar curves in the 
control cases were entirely normal, while those in the cases of hyper- 
thyroidism, for the most part, showed the usual variation, i e , an 
abnormally high peak maintained over a prolonged period The 
respiratory quotients in the normal cases revealed normal carbohydrate 
storage and response while those m the cases of hyperthyroidism 
showed a greater and more rapid rise, which made for a striking 
increase m the carbohydrate utilization 

CONCLUSIONS 

1 The abnormal blood sugar curves reported heretofore m cases 
of hyperthyroidism were found, for the most part, in our cases Normal 
curves in strikingly toxic cases, howe^ er, were not unusual 


5 Presbyterian Hospital Surgical SerMce, Historj 30699 




406 


ARCHIVES OF INTERNAL MEDICINE 


2 It has been shown that m hyperthyroidism, sugar, when it is 
offered to the tissues as a fuel, is burned with great avidity The 
increased utilization of carbohydrate after carbohydrate ingestion, along 
with the maintained high blood sugar, points toward an inability to 
store glucose — most probably a failure of liver storage, due to some 
toxic change m the liver caused by the disease This fits m with the 
results found m thyroid fed animals, and is suggested by clinical cases 
of exophthalmic goiter in which carbohydrate restriction is attempted 



BOOK REVIEWS 


THE PRINCIPLES OF THERAPEUTICS Bj Oluer T Osborne, M\, 
MD, Professor of Therapeutics, Department of Medicine, Yale Unucrsit} 
Pp 881 Philadelphia and London W B Saunders Company, 1921 

It IS, perhaps, somewhat of a surprise, certainly a pleasure, to open a text- 
book, entitled “The Principles of Therapeutics,” and discover that only about 
two thirds of the text is devoted to drug therapy, while the remainder presents 
a consideration of therapeutic measures which are not dependent essentially 
on the administration of drugs The book is intended to give the ad\anccd 
student the data which he must necessarily know m order to understand the 
objects of scientific treatment of disease, but tbe plan is admittedly compre- 
hensive and It IS only by condensation and concentration that it is possible to 
include such a wide field in a textbook of 835 pages 

An attempt has been made to present the subject in as practical a manner 
as possible The book is divided into fifteen parts, with several sections 
Part I considers the art of writing prescriptions Part II is devoted to a 
description of the valuable drugs and preparations of the United States Phar- 
macopeia with comments Part III considers useful drugs classified according 
to their therapeutic action Part IV is dev^oted to endocrine glands and organo- 
therapy Part V to practical therapeutic measures Part VI to the use of 
vaccines and serums Part VII to foods and diets Part VIII to general 
physical measures Part IX to chronic drug poisoning Part X to industrial 
poisoning Part XI to the treatment of emergencies Part XII to the treat- 
ment of simple disturbances of the surface of the body Part XIII to prac- 
tical advice to young physicians Part XIV to medical laws and departments 
of health, and Part XV to medical ethics 

The object is a worthy one but the value of the book obviously depends 
upon the intelligent selection of subjects for discussion and on the skill with 
which the relative value of different therapeutic measures is emphasized 

Part III, dealing with drug therapy, is arranged in somewhat the same man- 
ner as the therapeutic index of the valuable little volume called “Useful Drugs,” 
published by the American Medical Association, which has its practical advan- 
tages particularly when one may go to a standard textbook on pharmacologv 
for descriptions of drugs that are classified in the more usual manner In 
reviewing this section, however, one cannot help but feel that the 280 pages 
devoted to it might have been enlarged with some value and at the expense 
of Part IV in which 112 pages are dev’^oted to endocrine glands and organo- 
therapy Particularly the latter part of this section, which presents a descrip- 
tion of the physiologic action of the prostate, thymus, pineal gland, the pan- 
creas, spleen, Iwer, kidne3'S, parotid gland, brain, lymph nodes and bone 
marrow, might well have been omitted The attempt which is made to describe 
the important features of modern therap 3 ’' which come within the scope of the 
other parts of this book, is praiseworthy, but the field is so wide and the dis- 
cussions on such important therapeutic measures as foods and diets and of 
physical methods has necessarib to be made so short that the 3 scarceh attain 
their object and it is dubious whether an 3 one who goes to this section for 
information as regards the use of these measures can find more than a gen- 
eral statement as to their relative value and importance Indeed he would 
usually have to seek further to find directions for putting them into effect 
Though, therefore, at first sight the titles of these parts indicate a text of 
considerable practical value, one finds on careful reading that the information 
IS onlv^ of a general nature and the concise directions which are nccessar 3 to 
emplo 3 ’’ manv methods that are undoubtedlv of considerable practical impor- 
tance, are omitted 
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This book can be employed, therefore, to good advantage for obtaining spe- 
cific information concerning the action and use of a limited number of drugs 
and for general information concerning the relative value of various other 
therapeutic measures in the treatment of disease 

PROTEIN THERAPY AND NONSPECIFIC RESISTANCE By William 
F Petersen, M D , Associate in Pathology, University of Illinois, College 
of Medicine Chicago With an introduction by Joseph L Miller, MD, 
Professor of Medicine, Rush Medical College, University of Chicago, Chi- 
cago Pp 314 New York The Macmillan Company, 1922 

When one reads a book such as this, he is impressed with the great desira- 
bility of arranging some method of printing comparatively inexpensive paper 
bound monographs on subjects which are too new to be incorporated in a 
textbook and systems of medicine, and yet which through publication in medical 
journals are attracting general interest A book of any size devoted to such 
topics, no matter how carefully prepared, rapidly becomes out of date and must 
be followed by a second edition or a second book which presents the subject 
in a more advanced stage of its development The value of such monographs, 
therefore, is temporary and it should be possible to publish them as such in a 
readily accessible, inexpensive form 

Dr Petersen, in this book, covers the existing knowledge concerning protein 
therapy and nonspecific resistance in a thorough and comprehensive manner, and 
one can find in this volume of 314 pages, reference to practically all the work which 
up to the present time has been done on this subject or has been published in 
closely allied fields It is only necessary to state that the bibliography covers 
about fifty pages in order to give one an idea of the thoroughness with which 
the subiect is reviewed As is quite natural with one who has produced so 
much in this particular field one finds an indication throughout the book of 
the author’s interest in the subject and his enthusiasm for the practical 
importance of this method of treatment, and in Chapters V and VI in 
which he discusses “theories concerning the mechanism of the reaction” and 
‘ the probable mechanism of the reaction,” he devotes considerable space to 
the development of hj’^potheses and theories for which he himself is, in part, 
responsible 

In places, one is inclined to take exception to a somewhat uncritical presen- 
tation of the literature on this general subject and at times the rather unfortu- 
nate impression is produced that the author accepts in equally good faith the 
results of investigations made by men whose work has and has not been gen- 
erally confirmed Undoubtedly however, this book should attract a well 
deserved attention for it presents in very complete form a subject about which 
it IS difficult, without consulting a very laige bibliography, to obtain any 
accurate information, and at the same time offers m very interesting form the 
author s own view^s as regards the theoretic action of nonspecific protein 
therapy and resistance 
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LITERATURE 

The literature on the reflex control of the cardia and lower esophagus 
IS rather meager, in view of the impoitance of this question m connec- 
tion with spasms of the cardia and esophagus in man Most of the 
work has been done m connection with the deglutition and vomiting acts 

It was reported in a previous communication that the cardia and 
the lower end of the esophagus are provided with motor and inhibitory 
efierents both via the vagi and the splanchnic nerves ^ We now know 
that 111 the swallowing act the vagi eEeients are conti oiled by afferent 
impulses both fiom the pharynx (primary peristalsis) and the wall of 
the esophagus (secondaiy peristalsis) ^ Furthermore, the caidia and 
the part of the esophagus made up of smooth musculature and Auer- 
bach’s nervous plexus are capable of local coordination, that is, local 
automatism or reflex action, independent of afferent and efteient con- 
nections with the central neivous system There has been no important 
contribution to the analysis of this phase of the swallowing act since 
the review of the subject by Cannon in 1911 But Alvaiez has recently 
attempted to explain most, if not all, the motor phenomena of the 
intestine on the basis of a purely muscular gradient of rhythmicity, 
denying local reflexes m the intestine itself, and minimizing the impor- 
tance of the extimsic nerves in the control of the intestine The role 
of the splanchnic efferents m deglutition, however, has not been studied 

* From the Hull Physiological Laboratorj of the Unnersiti of Cliicago 

1 Carlson Am J Phvsiol 60 14, 1922 Carlson and Luckhardt Am J 

Physiol 57 299. 1921 

2 Meltzer Am J Physiol 2 266, 1899, Zentralhl f Phxsiol 19 1905 

1 Cannon Am J Physiol 19 436, 1907 The Mechanical Factors of 

Digestion, New York, 1911 

4 Alvarez The Mechanics of the Digesti\e Tract, New York, 1922 
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The reflex i elation ot the glossopharyngeal alieients to the esoph- 
agus IS complex Kioneckei and Meltzer ' lepoit that section of this 
nerve in animals leads to hypertonus of the esophagus lasting as long 
as twent}-foui houis, while stimulation of the central end of the nerve 
may inhibit, instead of initiate, the swallowing act Kitaj ew ® found 
that weak stimulation of the glossophai yngeal nerve inhibited degluti- 
tion, while stiong stimulation had the opposite effect Valenti,^ working 
on dogs without anesthesia, repoits that cocainizing (from 6 to 50 per 
cent ) the pharynx alone, oi the esophagus down to the cardia, leads to 
such stiong and prolonged spasm of the caidia that stiong efforts at 
vomiting induced by apomorphin cannot foice food into the esophagus 
Cocainizing the vagi trunks m the neck also pi events expulsion of food 
by vomiting Stimulation of the glossophai yngeal neive, on the othei 
hand, may induce dilation of the cardia and vomiting, with expulsion 
of the food fiom the stomach Kronecker and Meltzei ® found, in man, 
that caibonated watei in the stomach induces strong and prolonged 
spasm of the caiclia that cannot be inhibited by deglutition This cai- 
diospasm is felt as a painful cramp V Mikulicz ® reported (man) 
that mechanical or chemical nutation of the mucosa in the region of the 
Cciidia likewise induces hypertonus of the cardia Carbonated watei 
and cold watei m the esophagus also tend to cause hypertonus of the 
caidia Cannon,® woiking on cats, and using both the loentgen lay 
and the Langley method for obseivmg the tonus of the cardia, repoits 
that acid on the stomach side inci eases the tonus of the cardia and thus 
precents leguigitation of food into the esophagus during gastric diges- 
tion conti actions Ihis influence of gastiic acidity^ on the cardia 
obtains after section of the vagi and the splanchnic neives Cannon 
theiefoie legards it piimarily as a local reflex 

Palug^ay^” leports (man) that barium-milk passes moie slowly 
till ough the cai dia when the stomach is already partly^ filled with the 
mass 1 his may indicate that the tonus of the cardia is increased 
leflexly b^ tension in the walls of the stomach 

Openchowski repoits reflex dilatation of the caidia by stimulation 
of the kidneys, the uterus, the urinary bladder and the sciatic nerve 
He also obtained dilatation of the cardia on stimulation of the motor 
area of the ceiebial cortex 


Monatschr d Preuss Akad d Wissensch, 


5 Kronecker and Meltzer 

1881 p 100 

6 Kitajen (Thesis, Russian) quoted from Jahresb u d Fortschr d 
Phjsiol, 1908, p 151 

7 Valenti Zentralbl f Physiol 20 449 1906, Arch f Exper Pathol u 
Phannakol 63 118, 1910 

8 Kronecker and Meltzer Arch f Physiol, 1883, Suppl B, p 355 

to a d Grenzgeb d Med u Chir 12 569, 1903 

10 Palugiay Arch f d ges Physiol 187 233, 1921 

11 Openchowski Zentralbl f Phvsiol 3 1, 1889, Arch f Phvsiol , 1889, 
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Since the tonus of the carcha appears to be closeh con elated lo ihat 
of the stomach, we must take into account the reflex contiol of the 
latter organ m connection with the caidia Weitheimer’- found that 
sciatic stimulation caused inhibition of the stomach This icflcx was 
deci eased by section of the vagi, but not entirely abolished b\ subse- 
quent section of both the splanchnic nerves Alorat ^ obtained 
inhibition of the stomach on stimulation of the central end of one \agus, 
provided the other sagus lemained intact Auer,’‘ w'oikmg on labbits, 
describes leflex gastric inhibition fiom chemical and mechanical in na- 
tion of the nasopharynx, and by irritation of the splanchnic alteients 
-Vuei concluded that the vagi constitute the principal efteient path in this 
leflex Barber and Stew^art^’’’ have recently leported conti action of the 
stomach (dog) fiom stimulation of the appendix, the gallbladdei, and 
the duodenum 

As legal ds the tonus and contractions of the empt} stomach (man, 
dog, not under anesthesia), we show'ed nine yeais ago that these aie 
inhibited by chemical and mechanical stimulations of the nene endings 
m the mouth as w^ell as m the gastiic mucosa We w^ere not able by 
aii}^ means to induce reflex hypertonus or conti actions of the stomach 
m noimal men and dogs by such stimuli as could be used without gen- 
eral anesthesia 


EXPIZKI MENTAL METHODS 

The methods used m this w'oik aie essentially the same as desciibed 
in the report on the innervation of the mammalian cardia,^ and the 
leader is referied to that paper for a more detailed description and 
ciiticism both of the mechanical devices for recoidmg the cardia 
contractions and the methods of piepaimg the animals for expeiimenta- 
tion For the convenience of the reader, Figuie 1 of that lepoit is 
leproduced here, shownng in diagram the position of the cardiometer 
and the devices foi keeping it in place 

The animals used w^ere cats and dogs 

One dog was provided with a peimanent gastiostoim and e^ojiha- 
geal fistula in the neck This animal w^as dressed daih and otheiwise 
well cared for, so that he is in first class condition This dog was used 
foi the study of reflexes to the caidia from the mouth, phai^nx, and 
stomach, action of cocam on the cardia, etc , without anesthesia 

12 Wertheimer A.rch de Phvsiol 4 379, 1891 

13 Alorat Arch de Plnsiol 5 142, 1893 

14 Auer \m J Plnsiol 18 347, 1907, ihid 25 334, 1910 

15 Barber and Stewart Proc Soc Exper Biol &. Med 17 155 1920 

16 Carlson Am J Plnsiol 31 212 1913, ibid 32 389, 1913 

17 Carlson Am J Phjsiol 35 155 1914 The Control of Hinder in Health 
and Disease, Chicago, 1916 
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In all the acute experiments the animals were anesthetized with 
ether Gastrostomy and fistula of the esophagus were made for fixing 
the cardiometer in place Usually a balloon was also placed m the 
stomach for recording the gastric tonus From here on the following 
procedures were used 

1 The experiment was conducted under constant, but light, ether 
anesthesia 



t —Diagram to illustrate method of continuous recording of the tonus 
of the cardia A, (condom from 4 to 6 cm in length) in cardia and lower 
esophagus B, Rubber plug (from 2 to 2 5 cm diameter, 1 cm thick), pre- 
\ enting cardia balloon from being pushed or pulled up into esophagus C, Rub- 
ber tube (4 mm diameter), connecting esophageal end of cardia balloon with 
water manometer via esophageal fistual in neck D thread passing inside 
cardia balloon and firmly attached to rubber plug (B) for holding balloon (A) 
in cardia E, rubber tube (4 mm diameter) connecting stomach end of cardia 
balloon with wmter manometer through gastric fistula F, balloon (condom, 
length from 10 to 15 cm ) m stomach G, rubber tube connecting gastric 
balloon with wmter manometer through gastric fistula 


2 Ether anesthesia was continued with curare (crude extract) and 
artificial respiration, for elimination of skeletal and respiratory leflexes 

3 Animals u ere decerebrated and the ether anesthesia discontinued 

4 Conditions 1, 2 and 3 were followed with chest and respiratory 
mechanism intact, or with chest opened, artificial respiration, the phrenic 
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nerves sectioned and the diaphragm dissected away from the esophagus 
as completely as possible without injury to the innervation of the cardia 
and lower esophagus This procedure eliminates possible eirors in the 
tiacings from contraction or spasm of the diaphragm But it has the 
drawback of decreasing reflex action from “shock” due to the extensive 
dissection or trauma 

The following cnticism may be made against procedures 1, 2 and 3 

(a) Anesthesia of sufficient depth to abolish pain and skeletal 
movements depresses at the same time the reflexes to the cardia Under 
deep anesthesia (abolition of the hd reflex) reflexes into the cardia are 
abolished, or are feeble and inconstant It is, therefore, probable that 
positne results under anesthesia, while correct qualitatively, are sub- 
normal m quantity, that is, in strength and duration But one might 
even question whether they are necessarily correct in quality, since 
ether anesthesia lowers the tonus of the cardia, and we have shown 
that the quality of the primar) response of the cardia to stimulation of 
the extrinsic efferents depends on the degree of tonus of the cardia at 
the moment of stimulation 

(b) The anesthesia factor can be eliminated by decerebration, but 
handling of the visceral organs and stimulation of visceral afferents in 
good decerebrate prepaiations induces violent and prolonged skeletal 
movements with ultimate depression of all reflexes (“shock”) When 
general body movements are violent and the respiratory movements 
are irregular, the recording of the cardia tonus by the present method 
IS rendered difficult 

(c) From the abo\e considerations it would seem that the ideal 
preparation would be decerebration combined with curare and artificial 
respiration We found, however, that crude extract of curare (Merck) 
in doses sufficient to paralyze the skeletal muscles for from fifteen to 
twenty minutes, has a direct stimulating action on the cardia and lower 
esophagus, inducing spasms of these regions lasting from three to 
fifteen minutes, and for some time after such spasm the cardia reflexes 
are depressed The stronger the dose of curare the more piolonged 
the spasm of the cardia And since minimal doses of curare, m cats, 
must be repeated e^ery twenty or thirty minutes, curare does not leave 
the cardia mechanism even approximately normal Furtheimore, Klee 
reports that decerebiation in cats inci eases the tonic action on the 
intestine both of the vagi and the splanchnic nerves, the former pre- 
dominating 

We ha\e obtained definite reflexes into the cardia in curarized, in 
decerebrated, and in curarized and decerebrated preparations, but light 
ether anesthesia alone yielded, on the whole, better results 


18 Klee Deutsch Arch f klin Med 129 275, 1919 
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The expenments that we we.e able to make on the dog w.th the 
permanent gastrostomy and esophageal fistula, without anesthesia are 
physiologic, both in quality and quantity, as this animal was normal and 

in first class condition 

results 

A Cai dia Reflexes Fi om Skeletal Affe} enfs —When both vagi and 
the splanchnic nerves are intact, stimulation of the central end of the 






Fig 2- — Cat Light ether anesthesia Stomach in state of digestion, but 
relno^ed through gastrostomy Cardia and lower esophagus hypertonic, wi 
rh^thmlcal contractions Water manometer tracings A, cardia end of car i- 
ometer B, esophageal end of cardiometer Signal, tetanization of central en 
of sciatic ner^e Showing reflex inhibition of the h 3 'pertonic cardia Time, 
minutes 


sciatic neive with the tetanizing cuirent usuall)' produces inhibition of 
the tonus of the cardia and the lower esophagus (Fig 2), as reported 
by Openchovski This is particularly true if the cardia is in strong 
tonus But in some experiments contraction of the cardia followed the 
sciaic stimulation Both the contractions and the inhibitions usually 
last for a considerable peimd he 3 mnd the stimulation 
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When both vagi are sectioned in the neck, sciatic stimulation usually 
causes a prolonged spasm or contiaction of the caidia (Fig 3) 

We have shown that, in the cat, epmephrm usually causes contrac- 
tion, but It may also cause inhibition of the caidia The question 
whether strong sciatic stimulation leads to an increased output of epme- 
phrin IS in dispute But epmephrm is, at least, not solely responsible 
for the caidia effects here desaibed, for they can be obtained after 
excision of the suprarenals It is true that after complete supiaren- 
alectomy the cardia reflexes induced by sciatic stimulation aie usually 



Fig 3 — Cat Light ether anesthesia Both vagi sectioned, chest opened 
Artificial respiration Both phrenic nerves sectioned Water manometer trac- 
ings A, cardia opening of cardiometer B, esophageal oiiening of cardiometer 
Signal, tetanization of central end of sciatic nerve Showing reflex spasm of 
the caidia via the splanchnic motor efferents Time, minutes 


less marked But we aie inclined to asciibe this to depression of the 
reflex centers (cential and peripheral) fiom the tiaiima of the 
operation 

B Caidia Reflexes Fiom the Mouth and Phaiyux — In cats under 
light anesthesia mechanical, chemica'I, or thermal stimulation of the 
tongue and mouth inhibits the tonus of the cardia (Fig 4) The inhibi- 
tion may be followed by increased tone at the end of the stimulation 
These effects aie independent of deglutition We have obtained similar 
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inhibition of the cardia from the mouth m our fistula dog, but in a dog 
not under anesthesia it is difficult to stimulate the tongue or the mouth 
in any way without inducing swallowing from the increased sahvatiun 

If the cardia is atonic, mechanical stimulation of the pharynx usually 
causes contraction of the cardia and lower esophagus If the cardia is 
in strong tone the stimulation causes primary inhibition followed by 
contraction (Fig 4) Similar eftects are produced by tetamzation of 
the central end of the glossopharyngeal nerve These reflexes are 
obtained in the absence of swallowing, but they fail after section of 
both vagi nerves 

After finding that mechanical stimulation of the pharynx, that is, 
of the glossopharyngeal nerve field, or tetamzation of the central end 
of the cut glossopharyngeal nerve itself, induces opposite cardia 
reflexes, depending on the tonus of the cardia, we became interested in 
the findings of Kronecker and Aleltzer, and of Valenti, that section of 
these nerves, or cocamization of the pharyngeal mucosa induces perma- 
nent (many hours) hypertonus of the cardia In acute experiments on 
cats Ave have not been able to secure the permanent hypertonus of the 
cardia and esophagus described by Kronecker and Meltzer as following 
section of both glossopharyngeal nerves This operation cannot be made 
complete without some mechanical injury to the root of the vagi Hence 
temporary motor disturbance of the cardia and esophagus following 
section of both glossopharyngeal nerves under anesthesia may be due to 
disturbance of the vagi 

We have repeated the experiments of Valenti of cocainizing the 
pharynx of cats, under anesthesia This procedure usually leads to 
some hypertonus of the cardia as reported by Valenti But we are not 
satisfied that Valenti’s interpretation of the fact is adequate In the 
first place, it is not possible, even in light anesthesia, to cocainize the 
pharymx without some of the drug reaching the esophagus, and possibly 
even the cardia, even when the animal does not swallow Valenti used 
strong solutions of the drug (from 6 to 50 per cent ) Under such 
conditions some of the cocain ivill be absoibed from the pharynx and 
esophagus into the general circulation and may act on the cardia via 
the blood 

It IS known that cocain, in the blood, increases the action of visceral 
nervous mechanisms We have seen that the cardia and lower esoph- 
agus have motor innervation via the splanchnic system Numerous 
experiments n ere made on cats under ether anesthesia, and on the dog 
A\ith the permanent fistiilae to test this possibility of direct action of 
cocam on the cardia Intrai'enous injection of as little as 1 mg cocam 

19 Tatum J Pharmacol <SL E\per Therap 16 109, 1920 




Fig 4 Cat Ether anesthesia Vagi and splanchnic nerves intact \Vater manometer record A, cardia opening of cardi- 
ometer B esophageal opening ot cardiometer Signal a, mechanical stimulation of the tongue b mechanical stmiulation of the 
pharvngeal mucosa Showing reflex inhibition and contraction of the cardia and esophagus from the mouth and pharMix Time, 
minutes 




^ with permanent gastrostomy and esophageal fistula No anesthesia Stomach empty Water manometer trac- 

ing A, cardia opening of cardiometer B, esophageal opening of cardiometer tr, intravenous injection of 1 mg cocain Showing- 
increased tonus of cardia from cocam Time, minutes 
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in the cat, and from 1 to 2 mg m the 15 kg dog induces distinct 
hypei tonus of the caidia, lasting from five to fifteen minutes (Fig 5) 
Larger doses of the drug have more pionounced effects 

Since stimulation of the glossopharyngeal nerve induces both inhibi- 
tion and conti action of the carclia via the vagi efferents, and as cocam 
111 the blood has a dnect motoi action on the cardia it is evident that 
hypei tonus of the caidia following cocainizing of the phaiynx is not due 
solely to the elimination of afferent impulses via the glossophai yngeal 
nerve that maintain the laguscardia inhibitory tonus in the normal 
animal 



Fig 6 — Cat Light ether Water manometer tracings A balloon in lower 
esophagus and cardia B, balloon in esophagus at level of heart a, traction 
on right vagus by pulling on right carotid artery, inducing spasm of the cardia 

C Caidia Reflexes via the Vagi Affeients — The cardia and lowei 
esophagus in cats, even under ethei anesthesia, are very sensitive to 
mechanical stimulation of the vagi trunks in the neck The prevailing 
effects of traction on the intact vagus by pulling on the carotid aitery 
is a spasm of the cardia and lower esophagus (Fig 6) This is probably 
paitly due to mechanical stimulation of the motor fibers in the vagi, and 
IS in part a reflex via the vagi afferents Section of the vagi pioduces 
similai spasm of the cardia (Fig 7) If one ^agus is left intact stimula- 




Fig 8 — Decerebiated cat Water manometer tracings Left vagus sectioned 
iiT the neck A, balloon m stomach B, cardia opening of cardiometcr 
G, esophageal opening of cardiometer a, mechanical stimulation of central end 
of left vagus , b, tctanization of central end of left vagus Showing reflex 
inhibition and contraction of cardia, and inhibition of stomach, from stimulation 
of vagj afferents Time, minutes 
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tion of the central end of the other vagus usually causes a temporar^ 
inhibition of the cardia followed by a prolonged spasm (Fig 8) This 
1 eflex usually involves inhibition of the gastric tonus 

Since the spasm of the cardia following section of the second vagus 
IS in strength and duration similar to that induced by section of the first 
vagus, it IS evident that this motor response is mainly due to the 
mechanical stimulation of the vagi motor nerve fibers to the cardia We 
have shown m a previous report ^ that m exceptional cases section of 
both vagi (cat, rabbit) leads to spasm of the cardia lasting for se^eral 
hours or throughout an acute experiment Such results are difficult 
to explain except on the basis of a normal vagi-cardia inhibitory tonus 
Under the anesthesia and trauma of acute experiments this central 
inhibitory tonus mechanism is cMdently depressed, except in an 
occasional preparation 

In connection with Figure 7 it may be pointed out that the spasms 
of the cardia, induced reflexly or by diiect stimulation of the motor 
efferents, usually appear as hypertonus with superimposed rhythmical 
contractions This is especially true of spasms of the cardia induced 
via the vagi motor effeients Direct stimulation of the splanchnic motor 
system may induce hypertonus of the cardia with less marked rhyth- 
mical pulsations These rhythmical contractions of the hypertonic 
cardia were noted over sixty years ago by Basshnger,~® and are some- 
times referred to as “Basshnger’s pulse ” 

With the coi responding vagus intact, stimulation of the central end 
of the recurrent laryngeal nerve induces spasm of the cardia We 
assumed that this was a i eflex, the afferent path being vagi sensory 
fibers from the esophagus and larynx, until in some preparations this 
stimulation caused contraction of the cardia even after section of both 
^ agi nerves We feel sure that these unexpected results were not caused 
by escape of the electrical current to the vagus trunk or directly to the 
esophagus The onl}'’ explanation w^e can suggest is that some afferent 
fibers from the cervical or thoracic nerves pass into the recurrent 
larj^ngeal nerve On this assumption, the contractions of the cardia 
follownng stimulation of the central end of the recurrent laryngeal 
neri e, wnth both vagi sectioned, is a reflex through the spinal cord and 
the splanchnic motor fibers W^e do not think that it is an “axon 
reflex, as that term is used by Langley, because the innervation of the 
longer esophagus and cardia by branches of the same motor neuron that 
supplies the esophageal muscles in the neck wmuld render the normal 
peristalsis of deglutition impossible 

According to experiments on dogs recently reported by Touriiay,'^ 
some sensor)- innervation of the hmd legs reaches its peripheral distri- 

20 Basslinger Sitzungsber Kaiserl Akad f Wissensch 38 1859 

21 Tournaj Compt rend Acad d sc 173 939, 1921 
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bution via the sympathetic system Evidently the present views of 
nerve components must he reinvestigated hy physiologic methods 

D Caid'ia Reflexes Fiom the Stomach — In cats under light ether 
anesthesia and m the dog with the permanent fistula sudden stretching 
of the stomach wall by inflation and collapse of a condom balloon in 
the stomach induces hypertonus or spasms of the cardia lasting from 
three to ten minutes (Fig 9) This degree of distension of the empty 
stomach does not cause pain or distress Similar distention of the 
stomach m man is felt as fullness, without distress or pain 

Our records on the dog with the permanent gastrostomy and esoph- 
ageal fistula, the experiments being done without anesthesia, indicate 
that the hypertomcity of the cardia following sudden tension on the 
walls of the stomach extends to the striaed musculature of the esoph- 
agus It IS, therefore, in part, a long reflex This esophageal hypertonus 
IS not in evidence on our cat records, the long reflexes being probably 
depressed by the general anesthesia 

Water, 0 4 per cent hydrochloric acid and 0 4 per cent sodium 
carbonate at body temperature, introduced into the stomach, induce a 
brief relaxation, followed by a somewhat more prolonged hypertonus 
of the cardia (Fig 10) There is little or no difference in the effect 
on the cardia fiom introduction of 50 to 100 cc of these fluids into 
the stomach through the gastrostomy This applies to the fistula dog, 
where no anesthesia was used, as well as to cats under ether, except 
that deep anesthesia abolishes all effects on the cardia The primary 
effect on the cardia, of water, acids, and alkalies, when introduced into 
the empty stomach, is the same as on the stomach itself, that is, 
inhibition 

On the basis of Cannon’s observations I looked for greater increase 
in the cardia tonus from acid in the stomach as compared to equal 
volumes of water or alkalies We have recorded elsewhere that gastric 
acidity fails to account for the hypertonus of the cardia during normal 
gastric digestion This cardia hypertonus persists for some time aftei 
the food has been removed and the stomach washed out with water or 
alkalahes And the digestion hypertonus cannot be reproduced by intro- 
ducing acids into the empty and quiescent stomach It may also be 
noted m this connection that in the normal animal the lonus of the 
cardia parallels the gastric tonus, even when the stomach is empty 
These results on the cardia and lower esophagus parallel our earlier 
findings on the empty stomach of man and dog The primary effect 
of water, acids or alkalies, introduced directly into the stomach, is a 
decrease m tonus and contraction of the stomach This “receptne 
relaxation” is similar to that noted by Cannon as following deglutition, 
except that this is primarily a local action, probabh reflex 





Fig 9 — Dog with permanent gastrostomy and esophageal fistula (m the 
neck) Stomach empty Water manometer tracing A, balloon m stomacn 
B, cardia opening of cardiometer C, esophageal opening of cardiorneter, 
o, sudden inflation of second balloon in stomach Showing reflex spasm of the 
cardia and esophagus from sudden (but temporary) distention of the stomac 
Time, minutes 



Fig 10 — Cat, decerebrated Cardia hypertonic \\ ater manometer tracing A, cardia opening of cardiometer B, esophageal 
opening of cardiometer n, 50 cc of water (38 C) into the stomach, 50 c c 04 per cent h\drochloric acid (38 C) into the 
stomach Showing primary cardia inhibition followed by a temporary hypertonuc, trom water and acid in the stomach Time, minutes 
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F C'a)dja RcflcAcs Fiom the Abdominal Visceia — In decei ebi ated 
cats, as well as m cats under ether anesthesia, mechanical stimulation of 
the gallbladder (rubbing between the fingers, pinching with forceps) 
01 the common bile duct leads to very marked hypertonus or spasm of 
the cardia, lasting at times for fifteen minutes or longer (Fig 11) 
This leflex is obtained, although usually in diminished degree, after 
section of the vagi, but not after section of both ^agl and splanchnic 
nerves It is, therefore, essentially a long reflex involving the vagi and 
splanchnic efferents In a few experiments the gallbladder stimulation 
caused relaxation of the cardia The predominance of the motor leflex 


B ' 
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Fig 12 — Cat Light ether anesthesia Water manometer tracing A, balloon 
in lower esophagus and cardia B, balloon in esophagus at level of heart 
t, mechanical pressure on the urinary bladder, inducing spasm of the cardia 

may be due to the usual low tonus of the cardia m cats under anesthesia 
or shortly after decei ebi ation Electrical stimulation of the gallbladder 
IS less efficient than the mechanical stimulation m pioducmg the reflex 
spasm of the caidia 

Strong distension or compression (pinching, crushing) of the 
urinary bladder or of the large or small intestine induces pi edominantly 
cardia hypertonus or spasm outlasting for a long time the period of 
stimulation (Figs 12 and 13) The splanchnic nerves are the main 
afferent paths, and, in part, the effeient paths for the reflex Very 




Fig 13— Cat Light ether anesthesia Water manometer tracing A, cardia opening of cardiometer B, esophageal opening 
of cardiometer Signal a, pressing duodenum between fingers, b, pressing large intestine between fingers Showing reflex spasm 
of the cardia induced by visceral afferents Time, minutes 



Fig 14 Cat Light ether anesthesia Water manometer tracing A, cardia opening of the cardiometer B, esophageal opening of the 
cardiometer a, a, traction on the central end o^f the left splanchnic major (sectioned) Showing reflex spasm of the cardia induced by mechan- 
ical stimulation of the splanchnic afferents Time, minutes 
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Strong reflexes into the cardia are induced by mechanical or electrical 
stimulation of the central end of one splanchnic nerve (Fig 14), e\en 
after section of both vagi The motor reflex into the cardia via the 
splanchnic efferents may involve stronger contraction of the cardia and 
lower esophagus than that caused by direct stimulation of the periphei al 
end of the sectional splanchnic nerve (Fig 15) 

Stimulation of the sympathetic trunk in the chest, after section of 
the splanchnic nerves on that side, causes hypertonus or spasm of the 
cardia This result is obtained even after severance of possible efferent 
motor nerve fibers that may enter the cardia and lower esophagus via 
the aortic nerve plexus It is therefore essentially a reflex via the 
Msceral afferents in the thoracic sympathetic tiunk 

DISCUSSION 

The cardia and esophageal reflexes described m the preceding sec- 
tions are complex reactions, depending not only on the condition of 
the central nervous system, but also on the state of the intestine The 
reader must not infer that all of these reflexes can be demonstiated 
m a single animal, even when great care is taken with the anesthesia 
and the trauma of necessary dissections In some preparations the 
reflexes were more readily elicited than in others, ev,en under experi- 
mental conditions as nearly identical as possible We have no real 
explanation to offer for these variations, except the unknown factoi 
of central and peripheral “shock ” The motor control of the cardia and 
loAver esophagus involves local automatism and reflexes via the Auer- 
bach’s plexus, long reflexes via the vagi efferents, and long reflexes via 
the splanchnic efferents The long reflex mechanisms can, apparently, 
be thrown into activity by the stimulation of any sensory nerve in the 
body The response of the cardia and lower esophagus m this reflex 
may be either relaxation or contraction, depending in part on the state 
of the tonus of the cardia at the time of stimulation If the cardia is 
in feeble tonus, the contraction reflex prevails , if it is m strong tonus, 
the inhibition reflex usually predominates But, on the whole, m our 
experimental conditions m the cat and dog the inhibition reflex seems 
to be evoked more readily via the vagi efferents, and the motor reflex 
via the splanchnic efferents 

While it IS true that the cerebiospmal reflexes into the cardia can 
be initiated by the stimulation of almost any afferent nerve, neverthe- 
less, our results indicate that the afferents from the upper end of the 
alimentary tract (mouth, pharynx, esophagus) and from the viscera 
supplied by the splanchnic system, are m the closest reflex relation to 
the cardia efferents The cardia reflexes evoked by stimulation of the 
sensory nerves to the mucous membrane in the mouth, the pharynx. 
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the esophagus and the stomach are primarily inhibitory, the cardia 
reflexes initiated by the splanchnic afiferents are predominantly motor 
(spasm of the cardia) 

There is a long step between these types of caidia spasm induced 
in 1101 mal animals, under experimental conditions, and spontaneous 
cardiospasms in man There is no reason for believing that the nervous 
control of the cardia m man is essentially dififerent from that in the 
cat But the disturbance in the afferent side of this mechanism that 
may lead to spasm, may apparently occur almost anywhere in the body, 
particularly in the viscera Conditions leading to hyperirntabihty in 
the regions of the medulla and thoracic cord whence the motor neurons 
emerge will, of course, induce spasm of the cardia by excessive activity 
of these efferents, provided the inhibitory efferents are not rendered 
hyperactive at he same time In the latter case there should be no 
change m the cardia control There is some evidence of a predominant 
inhibitory tone of the cardia efferents, similar to the tonic action of the 
vagi inhibitory efferents to the heart On this basis, spasm of the cardia 
could follow depression or failure of this inhibitory tonic action 
Spasms of the cardia and lower esophagus would then be similar to the 
tachycardia due to failure of the vagus action This is the opposite of 
“\agotonia,” it is vagohypotonia It is, of course, well known that 
cardiospasms occur most frequently in so-called “nervous” individuals, 
who frequently show other evidence of defective inhibition besides 
tachycardia and cardiospasm 

Chronic cardiospasm is usually associated with dilation of the esoph- 
agus (striated muscular system) This may be a further indication of 
vagohypotonia, as the motor nerve fibers to this musculature appear to 
be exclusively vagal This is, however, not an adequate explanation in 
all cases, since the musculature of the dilated esophagus may show 
actual hypertrophy or thickening This could not take place m failure 
of the motor innervation, unless the striated musculature of the esoph- 
agus IS less dependent on the motor nerves than are the skeletal muscles 

The fact that, m the normal man and animal at least, the tonus of 
the cardia is inhibited reflexly by chemical and mechanical stimulation 
of the sensory nerves m the mouth, may have some practical applica- 
tion Bitters or acids m the mouth may reflexly help to inhibit the 
milder forms of reflex cardiospasm 

SUMMARY 

A In normal dogs, not under anesthesia, it is shown that 

1 The tonus of the cardia is temporarily inhibited by stimulation 
of sensory nerves m the mouth and pharnyx 
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2 The tonus of the cardia is temporarily inhibited by stimulation of 
nerves m the gastric mucosa 

3 The tonus of the cardia is inci eased by sudden distension of the 
walls of the stomach 

4 The tonus of the caidia is mci eased by mtiavenous injection of 
small quantities of cocain 

5 The tonus of the caidia is increased dm mg gastric digestion b} 
some factoi other than the acidity of the gastric contents 

6 The tonus of the cardia luns parallel with the tonus and hunger 
contractions of the empty stomach 

B In dogs and cats under light ethei anesthesia, ether and curaie, 
or decerebiation, it is shown that 

1 Reflex inhibition or contraction of the cardia and lower esophagus 
can be initiated by the stimulation of any sensory neive, skeletal or 
visceral 

2 When the vagi are intact stimulation of the sensory nerves m 
the mouth, pharynx, esophageal and gastric mucosa induces on the 
whole inhibition of the cardia, followed by contraction 

3 Stimulation of the afiferents fiom the abdominal viscera (gall- 
bladder, intestine, uimary bladder, central end of one splanchnic nerve) 
induces on the whole reflex contraction of the cardia and lower esoph- 
agus, even when both vagi nerves are sectioned 

4 When the tonus of the cardia is feeble, the motor reflexes into 
the cardia predominate, when the cardia is hypertonic the inhibitory 
reflexes prevail 

5 Strong stimulation, particularly of the abdominal visceia or the 
central end of the splanchnic nerve, may cause strong spasm of the 
caidia and lower esophagus lasting from 10 to 30 minutes 

C General 

1 The demonstration of motor and inhibitory innervation of the 
cardia and lowei esophagus via the splanchnic nerves, and the confiima- 
tion and extension of Openchowski’s observations on the reflex contiol 
of the cardia and lower esophagus should be taken into account in 
clinical cardiospasm But it must not be inferred that the reflex spasms 
of the cardia here described are identical with any or all types of 
cardiospasm so far found in man, although it is possible that expeii- 
mental chronic lesions in otherwise normal cats and monkeys may 
induce abnormalities m caidia control more akin to clinical cardiospasm 
than those revealed by the present study 
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I SIGNIFICANT T WAVE NEGATIVITY IN ISOLATED AND 
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Electrocaicliogiaphy has been accorded distinction as a valuable 
diagnostic adjunct, but as yet lelatively little attention has been given 
to its prognostic value I have been especially interested in the study 
of abnormal electrocardiograms with special reference to clinical types 
of heart disease and the significance of these graphic changes with 
regard to life expectancy In the analysis of large gioups of cases 
of heart disease one is impiessed with the frequent occurrence of 
ceitain graphic abnormalities in definite clinical types of cardiopathies 
Such cases invaiiably present unmistakable objective evidence of high 
grade myocardial disease I am referring paiticulaily to significant 
T wave negativity, to aberiation of the QRS complex in all deriva- 
tions of the electrocardiogram, and to the coexistence of these abnor- 
malities From the standpoint of prognosis, these changes constitute 
three well defined groups 

A very obvious fact that is brought to the attention of those who 
correlate large clinical and electrocardiographic data is the inability 
to foretell the presence or absence of these giaphic changes in similaily 
damaged hearts 


Electrocardiogiaphy was introduced m the Mayo Clinic in 1914 
and careful detailed records have been maintained of all patients 
examined electrocardiogiaphically The cases aie grouped and sub- 
feiouped according to clinical and electrocardiographic types, and an 
automatic follow-up system of patients has been established It is 
tins possible to obtain accurate mortality statistics and definitely to 
IS 1 the length of life from the time of examination, and in some 
instances, from the onset of cardiac symptoms 

n a preMous article I discussed T wave negativity, its occurrence 
cer am iso ated and combined derivations of the electrocardiogram, 
occurrence in clinical types of heart disease, and the prognostic 
sigm cance of ceitain graphic arrangements All cases were included 
g ess ° 1 i^sociation of other graphic abnoimahties, paiticulaily 
^^ber^of the O R S complex affecting all deiivations 


1 u of Medicine, iMajo Clime 
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It IS my intention in this study to construct three distinct groups 
namely significant T wave negativity in isolated and combined 
del nations, aberration of the Q R S complex in all derivations, and 
significant T wave negativity associated with aberration of the Q R S 
complex in all dei ivations 

I have called attention to two pertinent facts regarding T wave 
negativity, that it never occurs alone m Derivation II nor in combined 
Dernations I and III, and that its occurrence alone in Derivation III 
has no prognostic significance, since it occurs often m normal hearts 
and may be an inconstant phenomenon 

In speaking of significant T wave negativity, I refer to the graphic 
aiiangements, such as occurimg (1) alone in Deiivation I, (2) in 
combined Derivations I and II, (3) in combined Derivations II and III, 
and (4) in combined Dei ivations I, II, and III 

Patients who have had digitalis within six weeks of the time of 
examination have not been included, as T wave negativity may be the 
result of digitalis 

In this and subsequent studies the cases have been grouped according 
to clinical types Control groups have been compiled for every group 
111 this and subsequent studies I wish clearly to define the control series 
to obviate any misunderstanding In this study and in the following 
studies no control case is repeated The contiol cases agree case foi 
case 111 decade occurrence, clinical type, degree of decompensation and 
sex as far as possible All the control patients had electrocardiographic 
study and the graphic criteria were absence of significant T wave 
negativity and absence of aberration of the Q R S complex in all 
dei ivations Follow-up letters were not sent until both groups weie 
compiled 

Study 1 compiises 449 cases and covers a period of five and one-half 
years Patients are included who were examined at the Mayo Clinic 
up to Jan 1, 1920 It was deemed unwise to include patients of the 
last two years 

The graphic arrangement of significant T wave negativity in ordei 
of fiequency was (1) in combined Derivations II and III, 189 cases 
(42 1 per cent ) , (2) alone in Derivation I, 146 cases (32 5 per 
cent) , (3) in combined Derivations I and II, sixty-three cases (14 0 
per cent ), and (4) in combined Dei ivations I, II, and III, fifty-one 
cases (114 per cent ) 

T WAVE NEGATIVITY ALONE IN DERIVATION I (146 CASES) 

A Clmical Types of Heait Disease — The myocardial degeneration 
associated with hypertension occurred with greatest frequency in fifty- 
one cases (349 per cent) In order of frequency the other clinical 
types of heart disease were angina pectoris, twenty-six cases (17 7 pel 
cent ) , chronic myocarditis and chronic endocardial r ah ular disease 



436 


ARCHIVES OF INTERNAL MEDICINE 


with aortic regurgitation each twenty-one cases ( 14 3 pei cent ) , 
chronic endocardial valvular disease with mitral regurgitation, eleven 
cases (7 5 per cent ) , myocardial degeneration associated with arterio- 
sclerosis, five cases (3 4 per cent ) , chronic endocardial valvular disease 
with aortic stenosis, four cases (2 7 per cent ) , myocardial degeneration 
associated with exophthalmic goiter and adenoma with hyperthyroidism, 
each three cases (2 per cent ) , and finally, chronic endocardial valvnlai 
disease with mitral regurgitation and stenosis, one case (0 7 per cent ) 

The occurrence of T wave negativity and dominance in certain 
clinical types of cardiac involvement will be discussed elsewhere in 
this paper 

B Cmdiac Moitabty — The subgroupmg of clinical types of heart 
disease in this study results in some groups which are too small for 
comprehensive and reliable statistical conclusions yet are presented 
not only for their interest but for the purpose of maintaining continuity 
m the presentation of data It is interesting to note, however, that 
the mortality averages of the smaller groups in general are confirmed 
by the average of the complete group 

Information regarding 115 patients has been received (Table 1) 
Seventy-three (63 4 per cent ) have succumbed to heart disease in 
an average of eight and one-half months Thirty-nme (33 9 per cent ) 
patients are living Nine reported their conditions improved, eighteen 
unchanged, and twelve worse 

In striking contrast to these data are the results m the control series 
(Table 2) Ninty-three patients have been heard from Twenty-six 
(26 8 per cent ) have died of heart disease in an average of two and 
four-tenths years, sixty (64 5 per cent) are living, nineteen are 
improved , twent} -eight are unchanged, and thirteen are worse The 
difference in mortality rate is so marked and the difference in average 
length of life so definite that further comment is hardly necessary 

T WAVE NEGATIVITY IN COMBINED DERIVATIONS I AND II 

(sixty-three cases) 

A Clinical Types of Hcait Disease — In this group, as in the fore- 
going, the myocardial degenerations associated with hypei tension domi- 
nated twenty-three cases (36 5 pei cent ) The othei clinical types of 
heart disease in order of frequency weie chronic myocarditis, eleven 
cases (1/5 per cent), angina pectoris, nine cases (14 3 per cent), 
chronic endocardial valvular disease with aortic regurgitation, seven 
cases (11 1 per cent ) , chronic endocardial valvular disease with mitral 
regurgitation, five cases (7 9 per cent), myocardial degeneration 
associated with arteriosclerosis, four cases (6 3 per cent) , myocaidial 
degeneration associated wnth adenoma with hyperthyroidism, tin ee cases 
{ 4 8 per cent ) , and myocardial degeneration associated with exoph- 
thalmic goiter one ca^^e (1 6 per cent ) 
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B Cmdmc MoHahty — Forty-mne patients having T wave nega- 
tivity in combined Derivations I and II of their electrocardiograms have 
been heard from and thirty-two (65 3 per cent) have died of heait 
disease in an average of twelve and seven-tenths months Seventeen 
(34 6 per cent) are living Four report their condition impro\ed, 
eight unchanged, and five worse (Table 1) 

In the control series of forty patients heard from, seven (17 5 pei 
cent ) of the deaths occurred from heart disease and of the twenty-nine 
living patients (72 5 per cent) thirteen are improved, eleven 
unchanged, and five worse (Table 2) Here, again, is observed a veiy 
striking difference in the mortahty rates of the pnmaiy and the 
control senes 

T WAVE NEGATIVITY IN COMBINED DERIVATIONS II AND III 

(189 CASES) 

A Chmcal Types of Hem t Disease — T wave negativity m combined 
Derivations II and III occurred with greatest frequency in chronic 
myocarditis, forty-six cases (24 3 per cent ) The other clinical types 
of heart disease, in order of frequency, were myocardial degeneration 
associated with exophthalmic goiter, thirty-seven cases ( 19 6 per cent ) , 
chronic endocardial valvular disease with mitral regurgitation, twenty- 
four cases (12 7 per cent), myocardial degeneration associated with 
hypertension, twenty-two cases (116 per cent ) , angina pectoris, sixteen 
cases (8 5 per cent ) , chronic endocardial valvular disease with aortic 
regurgitation, eleven cases (58 per cent ) , myocardial degeneration 
associated with adenoma with hyperthyroidism, ten cases (5 3 pei 
cent ) , chronic endocardial valvular disease with mitral stenosis, nine 
cases (4 8 per cent ) , chronic endocardial valvular disease with mitral 
stenosis and regurgitation, five cases (2 6 per cent ) , myocardial degen- 
eration associated with arteriosclerosis and congenital heart disease 
each three cases (16 per cent ) , syphilitic aortitis, two cases (11 per 
cent ) , and chronic endocardial valvular disease with aortic stenosis, 
one case (0 5 per cent ) 

B Caidiac Moifahty — One hundred forty-nine patients in this 
group have been heard from, and forty-eight (32 2 per cent ) have 
succumbed to heart disease in an average of eleven months Ninety-two 
(61 7 per cent ) are living and thirty-three report themselves improved, 
thirty-nine are unchanged, and twenty are worse (Tab’e 1) 

In the control series information regarding 110 patients has been 
received Twenty-two (20 per cent ) have died of heart disease in 
an average of one and one-half years (Table 2) 

T wave negativity in combined Derivations II and III is not attended 
by as high a cardiac mortality as are the other groups, an observation 
made in my previous study 
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TABLE 1— Cardi^ic Mortality with Significant T Wave Negativity 
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T WAVE NEGATIVITY IN COMBINED DERIVATIONS I, II, AND III 

(fifty-one cases) 

A Chmcal Types of Hcai t Disease — Myocardial degeneration asso- 
ciated with hypertension as in the first two groups dominates the clinical 
types of heait disease in T wave negativity in combined Derivations 
I, II and III The other types in ordei of frequency were chronic 
endocardial valvular disease with aortic regurgitation, nine cases (17 6 
per cent ) , chronic myocarditis, eight cases (15 7 per cent ) , angina 
pectoris, seven cases (13 7 per cent), chronic endocardial valvulai 
disease with mitral regurgitation, five cases (9 8 per cent ) , myocardial 
degeneration associated with exophthalmic goiter, adenoma with hyper- 
thyroidism and chornic endocardial valvular disease with aortic regurgi- 
tation, and stenosis, each two cases (3 9 per cent ) , and finally, 
myocardial degeneration associated with arteriosclerosis and congenital 
heait disease, each one case (2 per cent) 

B Cardiac Moi tahty — Forty patients have been traced and twenty- 
fi\e (62 5 per cent ) have died of heart disease in an average of twelve 
and seven-tenths months Twelve patients (30 per cent ) are living, 
two are improved, seven aie unchanged, and three are worse 

In the control series thirty-nine patients have been heard from and 
eight (20 5 per cent ) have died of heart disease Twenty-eight (71 7 
pei cent ) are living, ten are improved, seventeen ai e unchanged, and 
one patient is worse This, again, is an instance of marked difterence 
in cardiac mortality 

It IS inteiesting to note how constant the cardiac mortality in the 
control series runs 

DISCUSSION 

There can be no question with regard to the prognostic importance 
of significant T w^ave negativity As I have said, the effect of digitalis 
must always be borne in mind and such cases of T wave negativity 
are inconstant and obviously do not fall in the category of the types 
under discussion One is impressed with the constant association of 
significant T wave negativity and clinical evidence of serious cardiac 
disease 

I wash to call attention again to Table 1 and to the description of 
clinical types of heart disease which clearly depicts the dominance of 
conditions of the degenerative type Foremost among them is the 
hypertension group, notorious for its attendant vasculai degeneration 
Chronic myocarditis extensively involving the musculature of the heart 
unquestionably affects the vascular elements of the organ Likewise 
angina pectoris is constantly associated with vascular disease Aortic 
regurgitation with its usual attendant aortitis has also a definite 
vascular basis 



WILLIUS— ELECTROCARDIOGRAPHY 


441 


Significant T wave negativity in all probability occurs in hearts 
involved by intrinsic vascular degeneration of the obliterative type All 
our evidence at the present time suggests this theme and is based on 
clinical, pathologic, and experimental study The high and early cardiac 
mortality rate attending significant T wave negativity implies a pro- 
gressive disease process and further supports the foregoing concept 
Cardiac histopathology has failed miserably in attempting to explain 
and to clarify diseases of the myocardium Conclusions have been based 
entirely on the presence or absence of actual tissue changes and no 
attention has been given to physiologic abnormalities Only a few years 
ago a controversy arose regarding the causation of a certain electro- 
cardiographic condition, and the arguments pro and con were based 
entirely on the presence or absence of gross and microscopic myo- 
cardial changes One observer, by means of serial sections, demon- 
strated constant lesions in the heart muscle attending his bizarre graphs, 
and the other, by the same means, failed to find the tissue changes 
Both sides of this controversy were seeking for the effect and not for 
the cause of the graphic anomalies, and we have many reasons to 
believe that a careful study of the vascular tree of the heart would 
have resulted in agreement The presence of actual changes in the 
myocardium certainly is not necessarily a constant finding even though 
intrinsic vascular disease exists With this concept m mind it is obvious 
that physiologic disturbances may often precede histopathologic changes 

SUMMARY" 

The cardiac mortality attending significant T wave negativity is 
high and is in sharp contrast to that in the control series In order 
of importance the cardiac mortality is as follows 

T wave negativity m combined Derivations I and II, 65 3 per cent in 12 7 
months Control series, 17 5 per cent in 10 8 months 

T wave negativity alone m Derivation I, 63 4 per cent in 8 5 months Con- 
trol series, 26 8 per cent in 2 4 years 

T wave negativity in combined Derivations I, II and III, 62 5 per cent in 
12 7 months Control series, 20 5 per cent in 19 2 months 

T wave negativity in combined Derivations II and III, 32 2 per cent in 110 
months Control series, 20 0 per cent in 1 5 years 

Total of significant T wave negativity, 504 per cent in 112 months Total 
of control series, 22 3 per cent m 19 2 months 


II ABERRATION OF THE Q R S COMPLEX IN ALL DERIVATIONS 
or THE ELECTROCARDIOGRAM * 

Aberrations of the Q R S complex of the electrocardiogram involving 
?11 derivations have been the subject of considerable controversy The 
variance of views has largely involved histopathologic issues The 
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obs-erver who has often noted this electrocardiographic abnormality and 
has correlated his graphic and clinical data is impressed with the gravity 
of the underlying cardiac disease 

In this group of cases, as in significant T wave negativity, an 
obliterative intrinisic vascular basis is strongly suggested 

Aberration of the Q R S complex of the electrocardiogram is char- 
acterized by notching of the apex, ascending or descending limb and 
in the complex of unaltered contour, a base width exceeding 0 10 second 
The bizarre complex of high amplitude and diphasic in form is ascribed 
to bundle branch block Mdiile no definite localization is justifiable in the 
monophasic complex of lower amplitude 


TABLE 1 — Cardiac Mortalit\ with Aberration of the Q R S Complex 

IN All Derivations 
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1 have previously emphasized^ the constant association of this 
graphic abnormality with serious and advanced heart disease and have 
shown the high and early cardiac mortality, occurring in this group 
The cases presented were associated in many instances with significant 
T wave negativity, but those cases have not been included in this report 
This study comprises 112 cases covering a period of five and one- 
half years The control series has been compiled based on the same 
conditions as in the foregoing study'^ 

A Chmcal Types of Heait Disease (112 Cajcj-) —Chronic myo- 
carditis occurred with greatest frequency, twenty-nine cases (25 9 per 
cent ) The other clinical types of heart disease in order of frequency 
were the rnyncardial degeneration associated with hypertension, seventeen 
cases (IT ^ , myocardial degeneration associated with arterio- 

^ization Block, Arch Int Med 23 431 (April) 1919 
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sclerosis, fifteen cases (13 4 per cent ) , angina pectoris, chronic endo- 
cardial valvular disease with mitral regurgitation, and aortic regurgita- 
tion, each ten cases (8 9 per cent ) , myocardial degeneration associated 
with adenoma with hyperthyroidism, nine cases (8 per cent ) , exoph- 
thalmic goiter, seven cases (6 3 per cent ) , chronic endocardial valvular 
disease with mitral regurgitation and stenosis, three cases (2 7 per 
cent ), and finally, chronic endocardial valvular disease with mitral 
stenosis, two cases (18 per cent ) It is quite evident that degenerative 
diseases also dominate this group 

B Caidmc Mortality — Information has been obtained regarding 
eighty-one patients and fifty-one (62 9 per cent ) have died of heart 

TABLE 2 — Control Series 
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« 

disease in an average of fourteen and two-tenths months Twenty- 
seven (33 3 per cent ) patients are living and of these, six are improved, 
fifteen are unchanged, and six are worse (Table 1) 

In striking relief to these averages are the results of the control 
series Sixty-five patients have been heard from, and only fourteen 
(21 5 per cent ) have succumbed to heart disease in an average of 
thirteen and seven-tenths months Forty-five (69 2 per cent ) are 
alive, fourteen are lmpro^ed, twenty-eight are unchanged, and three 
are worse (Table 2) 

DISCUSSION 

The great difference in cardiac mortality between cases exhibiting 
aberration of the Q R S complex in all derivations of the electrocardio- 
gram and identical clinical types of cardiac disease in which this graphic 
abnormality does not exist is convincing The only justifiable criticism 
that is apparent to me is the reliability of the control series In Study I, 
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I have defined the criteria for all the control groups and have shown 
that in all respects except an accurate sex agreement the controls were 
identical case for case exclusive, of course, of the electrocardiographic 
changes under discussion 

The early and high mortality is indicative of a progressive process 
and, as previously stated, favors the concept of obliterative intrinsic 
^ ascular disease 

SUMMARY 

The cardiac mortality attending aberration of the Q R S complex 
in all derivations of the electrocardiogram practically trebles that of the 
control series 

Aberrant Q R S complexes in all derivations, cardiac mortality, 62 9 per 
cent in 14 2 months 

Control series, cardiac mortality, 21 3 per cent in 13 7 months 

Note — No attempt has been made to record a complete bibliography dealing 
with aberration of the Q R S complex as the pros and cons of the arguments 
regarding this abnormality aie already recorded m most of the previous publi- 
cations dealing with this subject 


III STGNIFICAXT T WAVE NEGATIVITY AND ABERRATION OF THE 
QRS COMPLEX IN ALL DERIVATIONS OF THE 
ELECTROCARDIOGRAM 

The foregoing studies have emphasized the prognostic importance 
of significant T wave negativity and of aberration of the QRS complex 
occurring in all derivations of the electrocardiogram This study is of 
cases in which these graphic abnormalities occurred together With the 
preceding statistics in mind it is reasonable to anticipate a greater 
cardiac mortality in this study Patients exhibiting both electrocardio- 
graphic abnormalities generally have more marked subjective and objec- 
tive evidence of cardiac damage than those in whom these graphic 
changes occur separately 

One hundred and thirty-five cases are included m this study which 
covers a period of five and one-half years 

The control groups are based on the criteiia of those in the preceding 
groups 

♦ 

T WAVE NEGATIVITY ALONE IN DERIVATION I AND ABERRATION 
OF the QRS COMPLEX IN ALL DERIVATIONS 

(ninety cases) 

A Clinictu Types of Hemt Disease — The myocardial degeneration 
associated 'j<ntTK,hypertension occurred with greatest frequency, thirty- 
five cases }(38 9 Wr cent ) The other types in order of frequency 
were chron\c myo^ditis, twenty-two cases (24 4 per cent ) , chronic 
endocardial yalvular\lisease with aortic regurgitation, eight cases (8 9 
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per cent), angina pectoris, seven cases (7 8 per cent), myocardial 
degeneration associated with arteriosclerosis and chronic endocardial 
valvular disease with mitral regurgitation, each five cases (5 6 per 
cent ) , adenoma with hyperthyroidism, four cases (4 4 per cent ) and 
exophthalmic goiter, one case (11 per cent ) 

B Cardtac Moi tahty — Information regarding seventy-three patients 
has been received and sixty-three (86 3 per cent ) have died of heart 
disease m an average of eight and four-tenths months following exami- 
nation Seven patients (9 5 per cent ) are alive and of these two are 
improved, two are unchanged, and three are worse (Table 1) 

The control group sharply contrasts this mortality Sixty patients 
have been heard from and eighteen (30 per cent ) have succumbed to 
heart disease in an average of twenty-one and four-tenths months 
following examination Thirty-eight (63 3 per cent ) are living and 
eleven report their condition improved, twenty-two unchanged, and 
five worse (Table 2) 

T WAVE NEGATIVITY IN COMBINED DERIVATIONS I AND II AND 
ABERRATION OF THE QRS COMPLEX IN ALL DERIVATIONS 

(twenty-three cases) 

A Clinical Types of Heai t Disease — Myocardial degeneration asso- 
ciated with hypertension again is an outstanding condition, twelve 
cases (52 2 per cent ) The other clinical types in ordei of frequency 
are chronic myocarditis and chronic endocardial valvular disease with 
aortic regurgitation each, three cases (13 per cent ) , angina pectoris 
and chronic endocardial valvular disease with mitral regurgitation each, 
two cases (8 7 per cent ) , and aortic aneurysm, one case (4 3 per cent ) 

B Caidmc Moi tahty — Twenty patients have been traced and all 
but one have died of heart disease (95 per cent ) in an average of 
eight and one-half months following examination The surviving 
patient (5 per cent ) is worse (Table 1) 

In the control group facts regarding sixteen patients have been 
received Three (18 7 per cent) have died of heart disease in an 
aveiage of six and seven-tenths months following examination Of 
the nine living patients (56 2 per cent ) six are unchanged and three 
are worse (Table 2) P 

T wave negativity in combined derivations II AND III 
AND ABERRATION OE THE QRS COMPLEX IN ALL 
DERIVATIONS (SEVENTEEN CASES ) 

A Clinical Typei of Heait Disease — Chronic myocarditis occurred 
with greatest frequency, five cases (29 4 per cent ) The other t 3 ’^pes 
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TABLE 1— Cardiac Mortaliti with Significant T Wave Negativity and 
Aberration of the Q R S Complex in All Derivations 
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TABLE 2 — Co^TROL Serils 


Clinical Classification 

'rotiil Number 

Patients Heard 

From 

Sex 

o 

Z 

'** ^ 
o 

Pi 

Cardiac Deaths 

Patients I iviiig 

Males 

to 

o 

c 

Number 

V 

U 

a 

o 

u 

o 

H-l 

0) r *. 

tarA n 

C3 O O 
*-! W Tt 

■ > ° z 

i ^ 

Number 

o 

C3 

G 

o 

u 

c 

p- 

1 

o 

O 

& 

t£ 

a 

c 

*3 

c 

Worse 

T wa^e ^egatlVltJ in Deriva 



1 

1 


i 


i 



1 ! 

1 


tion I and Aberration of the 






1 





1 



Q B S Complex in all Den- 







1 

! 






\ itions 








1 



1 



pertension 

35 

2G 

17 

18 

3 

s 

30 7 

28 5 

15 

57 0 

3 

11 

1 

Chronic inj ocarditis 

22 

14 

17 

5 

1 

4 

28 5 

18 0 

9 

64 2 

1 3 

5 

1 

Arteriosclerosis 

o 

2 


2 





2 



1 

1 

Angina pectoris 

7 

0 

7 



2 

40 0 

12 0 

3 


i 1 

2 


rxophthalPiic goiter 

1 

1 

1 






■1 




1 

\denoma with hypcrthyroid 









■1 

1 




ism 

4 

4 

1 

3 

1 


1 




3 

1 


Mitral regurgitation 

J 

2 



i 

1 


12 0 

n 



1 


Double mitral lesion 

3 

1 

2 



1 


10 0 

bh 





A.ortie regurgitation 

8 

5 




2 


48 0 

II 


1 

1 

1 

'total 

90 

GO 



4 

18 



38 


11 

22 

5 

Average 







30 0 ■ 

1 

214 

1 

63 3 


i 


'r wave Negativity m Com- 



! 

1 

1 



j 


! 



1 


bined Derivation l and II 




i 










and Aberration of the QBS 














Complex m all Deru ations 














Hs'pertension 

12 

S 


4 

3 

3 

37 5 

67 

2 

25 0 


1 

1 

Chronic myocarditis 

3 

3 

3 


1 


1 


2 

666 


1 

1 

Angina pectoris 

2 

2 

2 






2 

100 0 


2 


Mitral regurgitation 

2 

i 


2 





1 

griTlTiM 



1 

\ortic reguigitation 

3 

2 

2 

1 

i 


1 


2 



2 


“^.ortic aneuijsm 

1 



1 



i 







Total 

23 

16 

15 

8 

1 4 ‘ 

S 



9 



6 

3 

Average 


. 





18 7 

07 


5G2 




'1' wave Negativity in Com 



1 









1 


bined Deria ation II and III 



1 











and Aberration of the QBS 














Complex in all Deria ations 


1 

1 

1 










Hj pertension 

3 

3 

0 i 

1 


0 

C6G 

7 0 

1 

33 3 


1 


Chrome myocarditis 

5 

4 

4 

1 



250 

20 

3 

75 6 



1 

•Irtenosclerosis 

1 

1 


1 





1 




1 

Angina pectoris 

3 

3 

3 


1 

D 

33 3 

18 0 

1 

33 3 

1 



Mitral regurgitation 

2 

1 

1 

1 ' 

1 

H 








Double mitral lesion 

1 

1 


1 


!■ 



1 


1 



4.ortic regurgitation 

2 

O 

2 

1 


■ 



2 

liliSIII 

1 

1 


Total 

ir 

15 

12 

5 

2 

4 



9 


3 

4 

2 

Average 







26 6 

13 5 


fOO 

1 



T wave Negativity in Com 










! 




bined Derivations I, II, and 




1 






1 




III and Aberration of the 











1 



QBS Complex in all Den 




! 







i 



vations 












1 


Hypertension 

2 

9 

2 


2 









Chrome myocarditis 



1 






1 

100 0 


1 


Angina pectoris 

■1 

B 

1 






1 

100 0 ' 


1 


Aortic regurgitation 

H 

B 


1 








i 


Tot il 

m 

4 

4 

1 

2 




2 ' 



2 1 


Aver ige 










500 




Grand total 

135 

95 

89 

40 

12 

25 


1 

1 

58 


14 

34 


Grand average 







2G3 

i 13 9 





1 





























































































448 


ARCHIVES OF INTERNAL MEDICINE 


were myocardifll dc^cncrfltion sssocistcd with hypertension and. angina 
pectoris, each three cases (17 6 per cent ) , chronic endocardial valvular 
disease with mitral regurgitation and with aortic regurgitation, each two 
cases (118 per cent), and myocardial degeneration associated with 
arteriosclerosis and chronic endocardial valvular disease with mitral 
regurgitation and stenosis, each one case (5 9 per cent ) 

B Cai dmc Mortality — Fifteen patients have been heard from and 


TABLE 3 —Summary of the Mortality Statistics in Groups 1, 2 and 3 
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eleven (73 3 per cent ) have died of heart disease in one and nine-tenths 
years following examination Four patients (26 6 per cent ) are living 
and one is improved, two are unchanged, and one is worse (Table 1) 
Fifteen patients in the control group have been heard from nnd 
four (26 6 per cent ) have died of heart disease in an average of 
thirteen and one-half months following examination Nine patients 
are living (60 per cent ), three are improied, four are unchanged, and 
two are worse (Table 2) 













































]]' ILLIUS— ELECT ROCARDIOGRAPHY 


440 


T WAVE NEGATIVITY IN COMBINED DERIVATIONS I, II, AND III 
AND ABERRATION OF THE Q R S COMPLEX IN ALL 
DERIVATIONS (FIVE CASES ) 

This group IS too small to be of statistical value but is pieseutecl 
to maintain continuity of data 

A Chmcal Types of Hem t Disease — Myocardial degeneiation asso- 
ciated with hypertension occuiied in two cases (40 pei cent ) and chronic 


TABLE 4 — Summary or Tin Mortaiit\ Statistics or the Control Series 

IN Groups 1, 2 and 3 
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myocarditis, angina pectoris, and chionic endocardial valvular disease 
with aoitic leguigitation, each one case (20 per cent ) 

B Cmdiac Moitahty — ^All patients have been traced and all ha\e 
died of heait disease (100 per cent ), in an aveiage of eleven and one- 
tenth months following examination (Table 1) 

Four patients in the control series have been heard fiom and no 
cardiac deaths are lecoided Two patients are alne and report their 
condition unchanged (Table 2) 
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The high and early cardiac mortality attending significant T wave 
negativity associated with aberration of the Q R S complex in all 
derivations is apparent The association of these electrocardiographic 
abnormalities is an index of marked myocardial involvement and is 
attended by the greatest mortality in the three studies 

SUMMARY 

The cardiac mortality attending significant T wave negativity and 
aberration of the Q R S complex in all derivations in order of importance 
as revealed in this study was 

T wave negativity in combined Derivations I, II and III and aberration of 
the QRS complex in all derivations, 86 7 per cent m 12 7 months Control 
series, 0 

T wave negativity in combined Derivations I and II and aberration of the 
QRS complex in all derivations, 95 0 per cent in 8 5 months Control series, 
18 7 per cent in 6 7 months 

T wave negativity alone m Derivation I and aberration of the QRS com- 
plex in all derivations, 86 3 per cent in 8 4 months Control series, 30 0 per 
cent in 21 4 months 

T wave negativity in combined Derivations II and III and aberration of the 
QRS complex in all derivations, 73 3 per cent in 22 8 months Control series, 
26 6 per cent in 13 5 months 

Total of group, 86 7 per cent in 12 7 months Control series, 26 3 per cent in 
13 9 months 

Tables 3 and 4 have been constructed to summarize the mortality 
statistics of the three groups From the standpoint of prognosis the 
electrocardiographic abnormalities rank in order of importance as fol- 
lows (1) significant T wave negativity associated with aberration of 
the QRS complex in all derivations of the electrocardiogram (group 
cardiac mortality 86 7 per cent in twelve and seven-tenths months) , 
(2) aberration of the QRS complex in all derivations of the electro- 
cardiogram (group cardiac mortality 62 9 per cent m fourteen and 
two-tenths months), and (3) significant T wave negativity (group 
cardiac mortality 50 4 per cent m eleven and two-tenths months) 

These statistics, I hope, will help to allay the scepticism of some 
cardiologists regarding the significance of the electrocardiographic 
disorders under discussion The recognition of these graphic changes 
alone, I believe, justifies the use of the electrocardiograph as a most 
valuable and important clinical adjunct 



CLINICAL STUDIES OF QUINIDIN 

II ALTERATIONS IN THE CARDIAC MECHANISM AFTER ADMINISTRA- 
TION OF QUINIDIN TO PATIENTS WITH AURICULAR FIBRILLATION 
WITH CONSIDERATION OF CERTAIN TOXIC EFFECTS OF 

THE DRUG + 

ROBERT L LEVY, MD 

NEW AORK 

During the past four years, sufficient evidence has been accumulated 
to indicate that in a certain number of patients suffering from fibrilla- 
tion of the auricles (about 50 per cent ), oral administration of qumidm 
sulphate serves to restore the normal cardiac rhythm The circum- 
stances which determine the issue are not yet altogether clear A 
summary of the earlier literature, together with a prehminar} report 
dealing with the treatment of four cases in the Hospital of the 
Rockefeller Institute, has already appeared ^ 

The results of experiments done m this Hospital to determine the 
pharmacologic action of this drug have likewise been reported - It 
IS the purpose of the present communication to record in detail the 
alterations in the mechanism of the heart’s action which have been 
observed m the first eleven patients to whom quinidin has been admin- 
istered ® A more detailed report of the experimental studies will 
appear shortly A discussion of the clinical aspects of quinidin therapy 
IS reserved for a subsequent paper m which a larger material will 
be considered * 

MATERIAL AND METHOD 

Five hundred and seven electrocardiograms, taken of eleven patients, 
have been measured and analyzed The cases represent an unselected 
material They have been under observation prior to treatment for 
periods ranging from one month to one and a half years, and are 
known to have been fibrillating for at least these periods of time 

* From the Hospital of the Rockefeller Institute for Medical Research 

* Presented in abstract before the New York Academy of Medicine, No\ 
17, 1921 

1 Levy, R L Restoration of the Normal Cardiac Mechanism in Auricular 
Fibrillation by Quinidin , Preliminary Report, J A M A 76 1289 (Maj 7) 1921 

2 Cohn, A E , and Levy, R L Experimental Studies of the Pharmacolog} 
of Qumidm, Proc Soc Exper Biol & M 18 283, 1921 Experiments with 
Quinidin on Conduction and on the Refractory Period in the Dog’s Heart 
Proc Soc Exper Biol & M 19 174, 1922 

3 A preliminar}' account of this study was published in the Proc Soc Exper 
Biol & M 19 88, 1921 

4 In this paper will be considered the symptoms attendant on administration 
of the drug, the duration of its action, the effects of altered rhythm on Mtal 
capacity and heart size as determined teleroentgenographically, the relation- 
ship between digitalis and qumidm therap 3 ', etc 
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After a preliminary dose of from 0 2 to 0 4 gm quinidm to test for 
the presence of an idosyncrasy to members of the cinchona group, 
04 gm of the drug has been given by mouth, in gelatin capsules, 
either three times daily or every two hours, until the establishment 
of normal rhythm or the appearance of untoward symptoms indicated 
cessation of therapy No more than 2 gm quinidm was administered 
m twenty-four hours, though treatment has been continued daily for 
as long as ten days 

Electrocardiograms were taken in some instances as often as every 
five minutes during the time when a change of rhythm was anticipated 
Usually curves were made at one or two hour intervals on the days 
on which the drug was given and at least once daily throughout 
the entire period of observation The usual three limb leads were 
employed Records made in this fashion do not always permit of 
accurate measurement of auricular rate when the auricles are fibril- 
lating References to rate, therefore, unless otherwise specified, are 
to be taken as indicating the number ot ventricular beats per minute 

RESULTS 

The results of this electrocardiographic study are of interest in 
illustrating the great variety of alterations in the mechanism of the 
heart’s action which may be induced by quinidm They have, further- 
more, a significance for clinical medicine in so far as they indicate the 
manner in which the transition from fibrillation to normal rhythm 
may be expected to occur But of paramount importance is the signifi- 
cance attached to various toxic effects which have been observed, as 
evidenced by the occurrence of rhythms usually associated with poison- 
ing of the heart muscle It is particularly desirable that those concerned 
with the care and treatment of patients with heart disease should be 
familiar with the signs and dangers of quinidm intoxication 

For the purpose of discussion, the eleven cases naturally fall mto two 
groups ( 1 ) three patients, m whom, on different occasions, the normal 
mechanism was restored nine times, and who, in all, received twelve 
courses of quinidm, (2) eight patients, in whom restoration of the 
normal mechanism was not accomplished and who received, m all, 
eleven courses of quinidm Detailed case records are appended 

CASES IN WHICH THE NORMAL RHYTHM WAS RESTORED 

Sequenc | of Events — In order to learn m what sequence the vanous 
changes in Ci.{rdiac mechanism occurred, detailed analyses of all electro- 
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Courses 2, 3 and 4), the drug caused a reduction in the number of 
ventricular contractions Alterations in rate occurred in from one to 
three hours after beginning treatment Tachycardia was followed at 
times by the appearance of premature beats, arising more commonly 
in the right, but occasionally in the left \entricle The ectopic ven- 
tricular contractions were frequently transitory (Cases 1 and 2), but 
in one case (Case 3), they were the precursors of paroxysms of \en- 
tricular tachycardia, to which particular reference will be made later 
If electrocardiograms were taken at sufficiently frequent intervals, the 
transitional mechanisms in the common order of their appearance weie 
coarser fibrillation, that is to say, waves in the electiocardiogram having 
a higher voltage and denoting retardation of aunculai rate , ® impure 
auricular flutter,® auricular flutter, and finally, noimal rhythm (Fig 
4) This sequence was not invariably exhibited in all its phases and 
it IS possible that one or more of the intermediate mechanisms may 
be omitted 

Tiansifwn — In one patient the transition from aunculai flutter to 
the normal rhythm was photographed in the second lead (Fig 5) The 
abruptness of the change is remarkable The first twelve mteraunculai 
intervals m the curve range from 0 2180 to 02580 second (Table 2) 
with maximum variation of 0 04 second The corresponding phases 
of successive cycles are stnkmgly uniform in contour The maximum 
variation in interventricular intervals is 00240 second ' There follows 
a period of altering auricular activity, denoted by the next seven 
P waves, which exhibit increasingly greater dcMations from the usual 
form The intei auricular intervals are, on the whole, longer than in 

5 Drury, A N , and Ihescu, C C The Rfestoration of the Normal Cardiac 
Alechanism in Cases of Auricular Fibrillation by Means of Quinidin Sulphate, 
Bnt M I 7 511 (Oct 1) 1921 These authors, by use of direct chest leads, 
have secured records in which accurate counts of auricular rate were possible 
and have noted progressive retardation after quinidin 

6 By impure auricular flutter is meant a mechanism in vhich auricular 
(P) waves are present, but in which thej are somewhat irregularlj spaced 
and of var}nng contour, in contradistinction to the regularity of interauricular 
intervals and constanc}" of form of corresponding P waves in pure flutter It 
IS to be regarded as intermediate between auricular fibrillation and flutter 

7 Lewis, T, in speaking of the lengths of auricular C 3 'cles m auricular 
flutter, states that “the maximal variation of the cycles in the same curv es is 
usually less, probably considerably less than 0 01 second, probablj’ it mav 
amount to, but does not materially exceed, 002 second on occasion It seems 
advisable that the term auricular flutter should be confined to disorders, be 
the}' clinical or experimental, in which comparable variations m the lengths of 
auricular cycles are found not to be exceeded ” Heart 7 127, 1920 These 
statements are based on measurements of the curves of seven cases of flutter, 
in which interventricular, not interauricular intervals were determined In 
one of these cases the maximal variation in interventricular intervals was 
0 0265 second A discussion of the validitv of Lewis’ criteria is not within the 
scope of this paper There seems no reason to doubt that the curve shown 
m Figure 5 is a record of auricular flutter 
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the group immediately preceding, and range from 02280 to 02860 
second, with maximum variation of 0 0580 second There is coinci- 
dently gradual widening of the interventricular periods Then comes 
a relatively long asystole of both auricles and ventricles and this is 
. followed by prompt resumption of the sinus rhythm 

A consideration of the manner in which the transition occurs is 
of some interest in relation to the theory that a ciicus excitation is 
the nature of the disturbed mechanism at the basis of fibrillation and 
flutter of the auricles According to this concept, first clearly defined 
by A G Mayer, working with the umbrella of the jelly fish, developed 
and demonstrated in heart muscle by Garrey and by Mines, and more 
recently elaborated and applied to human physiology by Lewis, cessa- 


TABLE 2 — Measurement or Electrocardiogram (Lead II) Showing 
Transition from Auricular Flutter to Normal Rhythm 
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Interauricular 

j 

InterrentricuHr 

1 P R Time, 

Cardiac Mechanism 


Intervals, 

Intervals, 

Second 



Second 

Second 


Auricular flutter 

1 

0 2324 1 

0 2510 

0 4520 




0 2260 

0 2360 

0 2180 

0 4760 




0 228S 

0 4608 




0 2200 

0 2230 

0 2212 

0 4606 




0 2210 

0 2580 

0 4530 




0 2210 

0 4558 


Altering auricular activity 


0 2455 

0 2362 

0 4936 




0 2280 

0 2860 

i 

0 5760 




0 2610 

0 2420 

0 6310 


Transition 


1 0889 

1 0349 


Normal rhythm 


0(720 

0 7752 

1 01696 



0 8200 

0 8256 

0 1632 



0 8450 

0 8456 

01640 



0 8594 

0 8610 

01620 


* Measurements were made with the use of n projection apparatus 

tion of auricular fibrillation or flutter may, on theoretic grounds, be 
induced in three ways (1) by lengthening the path of the excitation 
wave in the auricle , (2) by accelerating the rate of conduction of the 
impulse through the auricular muscle, (3) by lengthening the refractory 
period of this muscle It is clear from the electrocardiogram shown 
in Figure 5, that immediately before and dunng the transition the 
excitation wave is traversing a different path from that tra\elled 
dunng the preceding penod of flutter, for the P waves alter in form 
They are, moreo\er, irregularly and more widely spaced To which 
of the three conceivable causes just mentioned this change ma} be 
ascribed, it is not possible definitely to establish It is known, how- 
ever, that in the dog’s heart qumidin retards the rate of conduction 
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of the impulse through the muscle of 'the auricle and prolongs the 
refractory period ^ ® It furthermore raises the threshold of excitability 
of the auricle, so that a faradic current adequate to induce fibrilla- 
tion prior to the injection of quinidm does not suffice to cause the 
arrhythmia after the drug has been given ^ It is probable that the . 
resultant of these eftects determines whether cessation of fibrillation 
takes place Slowing of the conduction rate may be regarded as 
exerting an unfavorable or negative effect in arresting the circus move- 
ment, whereas the raised threshold of excitability and more particularly, 
lengthening of the refractory period, exercise a favorable or positive 
effect in promoting this result The decreased rate of the flutter waves 
in this instance at all events indicates that probably a longer path, 
perhaps at a slower rate, was traversed by the excitation wave The 
alteration in path may have been necessitated by an increase in the 
refractory period 

After the resumption of iioimal rhythm, the auricular waves, though 
distinct, showed at times decided variations both in contour and voltage 
Evidence of such change m the P waves (Fig 5) in Cycles 14 and 39 
IS striking There is apparently still a tendency for the impulse to 
be initiated at a point other than at the sinus node or to traverse an 
unusual and sinuous path in its course through the auricle 

Ectopic Beats, Aunculai Tachycai dta , Svao-Aunculai Block — 
Ectopic auricular contractions were observed in all three cases at 
times after the normal mechanism was resumed Their occurrence 
points to the persistent presence of a point of origin away from the 
sinus node, and probably within the musculature of the auricle Addi- 
tional evidence strengthening the belief that there is disturbance in 
both initiation and propagation of the impulse through the auricle in 
individuals suffering from atrial fibrillation is afforded by Case 3, 
in which, during the brief period in which noimal rhythm was main- 
tained, sino-auncular block and paroxysms of ectopic auricular tachy- 
cardia occurred (Fig 6) 

When auricular premature beats became numerous, these, as well 
as ectopic ventricular contractions, could be abolished by the further 
administi ation of quinidm (Case 1, fifth course. Fig 3) It is to be 
noted that the ventricular premature beats disappeared earlier than 
those arising in the auricle ® 

8 Lewis, T , Drury, A N , Iliescu, C C, and Wedd, A M Observations 
Relating to the Action of Quinidm on the Dog’s Heart, with Special Reference 
to Its Action on Clinical Fibrillation of the Auricles, Heart 9 55, 1921 

9 We have since had occasion to test the effect of quinidm m patients 
shoving no disturbance in rhythm other than ectopic beats arising either in 
auricles or ventricles In certain of these individuals, the undisturbed normal 
mechanism can be restored and, if desired, maintained by proper quinidm 
dosage 
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Rate — On the day on which normal rh}thm was established, the 
ventricular rate usually ranged from 80 to 90 and on the following 
da} from 60 to 70, subsequently remaining at or about this level during 
the period in which the sequential rhythm prevailed When the transi- 
tion from the normal rhythm to fibrillation or flutter took place, there 
was correspondingly a gradual acceleration of rate, a level eventuall} 
being reached in the course of twenty-four hours at which the ven- 
tricles then continued to beat with relatively slight variations 

A-V Conduction — Conduction through the aunculoventricular bun- 
dle vvdien the sinus rhythm was present was within normal limits m tv\ o 
cases, as indicated by the P-R time In the third case the P-R interv^al 
was prolonged (0 24 sec ) , but it is not possible to say vv^hether this 
was a drug effect or vv^as due to interfeience vvuth the passage of tlie 
impulse from other causes 

Inti a-Ventuculai Conduction — In one individual (Case 1, second 
course), there was definite evidence that quinidm caused interference 
with the spread of the excitation wav^e through the ventiicles (partial 
intraventricular block) (Fig 1) The QRS interval rose from 0 10 
sec before quinidin administration to 0 13 sec after the drug had been 
given, and did not return to its former value for five days There was 
no coincident prolongation of A-V conduction 

Alteration in Ventiiculat Complex — In the series of curves just 
descnbed (Figl) is seen an example of change in the contour and 
voltage of the ventnculai complex after qumidin administration This 
IS exhibited particularly in the R and S waves and m the altered form 
and position of the notching Similar changes were observed m one 
other case There is, presumably, some change m the path of the 
impulse through the v^entricles 

T Wave — The T wave vv^as distinctly affected by quimdin, m that 
it tended to reverse its direction and change its form after the normal 
rhythm w'^as established ^ Though sliglit v^ariations m this portion of 
the electrocardiogram vv’^ere among the early effects of qumidin medica- 
tion, the more striking changes occuired after the sinus rhythm had 
piev^ailed foi tvv'^enty-four houis and were best seen in Lead III (Fig 
2) When the fibrillatory mechanism was resumed, the T w'av'^e usually 
retunied to its original direction and form either at once or after a 
short inten^al It is of interest to note that in one instance however. 
(Case 2, first course), the T wave change preceded the alteration in 
cardiac mechanism On the last day of normal rhythm the T w ave in 
Lead III changed from upright to inverted On the following morn- 
ing, auiicular fibrillation was again recorded the T w^av^e remaining 
as on the pievious da} It is, therefore clear that, although change 
in the form of the T wave and change in rhythm often occur synchro- 
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noubly, they are not necessarily interdependent In dogs in winch 
quinidin was injected similar alterations in the T wave were noted ^ 
These observations are recorded without any attempt at interpretation, 
since the significance of change in this portion of the electrocardiogram 
is by no means clear 

Influence of Digitahs — Digitalization prior to quimdmization was 
not essential for success in restoring the normal mechanism For in 
the same individual (Case 1), the normal rhythm was on one occasion 
restored after digitalis administration, with ventricular rate ranging 
from 90 to 100 (first course), and at another time, after no digitalis 
was given, when the ventricles were beating at the rate of 180 per 
minute (second course) A number of observations bearing on this 
point have been made and will be discussed more fully at another time 

Effect of Atropni — Intravenous injection of atropin sulphate (from 
1 0 to 1 5 mgm ) in these patients at a time when fibnllation was present 
and again when the normal rhythm pi evaded, resulted in the usual 
increase in ventricular rate, but in no noteworthy alteration in the 
cardiac mechanism or in the form of the electrocardiogram 

CASES IN WHICH RESTORATION OF THE NORMAL MECHANISM 
WAS NOT ACCOMPLISHED 

In this group of eight patients, evidences of the undesirable action 
of quimdui were more frequently observed (Table 3) 

Tachycardia — As in the cases in which it was possible to establish 
normal rhythm, tachycardia was commonly the first effect noted and 
was often sufficiently troublesome to cause complaint Having once 
been initiated, it was rarely prolonged beyond four or five hours after 
the drug was discontinued In one patient (Case 10, first course), in 
whom simple tachycardia was induced by quinidm, definite signs and 
symptoms of heart failure ensued There was palpitation, dyspnea, 
epigastric distress, large tender liver, accumulation of invisible edema, 
as evidenced by gain in weight and oliguria and a striking rise in venous 
pressure from 10 8 to 20 2 cm of water A graphic account of these 
findings IS given m Figure 9 A course of digitalis therapy was 
followed by prompt disappearance of symptoms and signs of decom- 
pensation 

Coaise Fibnllation, Impuie Fluttei , FliUtei — Coarsening of fibril- 
latory waves, indicating retardation of auricular rate, was noted on 
five occasions It was at times among the earliest detected changes 
m the electrocardiogram, but in otlier instances was seen as a later 

10 Observations of venous pressure were made bv the method of Hooker 
Am J Physiol 35 73, 1914 
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effect The mechanism by which slowing is produced is not precisely 
to be ascertained It is known, however, that one of the pharmacologic 
actions of quinidin is to depress conductivity in the auricle, and it is 
conceivable, and altogether likely, that slowed auricular rate is an 
exhibition of this effect When still greater depression of conduction 
has been produced, impure flutter occurs This was observed on three 
occasions in combination with periods of fibrillation and twice as the 
dominant rhythm In two patients (Cases 5 and 7) impure flutter 
was followed by flutter, but larger dosage was not effective in restoring 
the normal rhythm In Case 5, the flutter was of short duration, 
lasting but twenty minutes, after which a mixed rhythm with periods 
of fibrillation and impure flutter was recorded In Case 7, however, 
flutter persisted for three days and was followed, after administration 
of digitalis, by reversion to the fibrillatoiy rhythm 

These observations serve to demonstrate the close interrelationship 
between fibrillation, impure flutter and flutter, and lend support to the 
concept that they are all dependent upon the same basic disturbance, 
namely, a circus contraction in the auricle In these respects, Lewis’ 
experimental data are confirmed for the clinic 

Ventricular Piematuie Beats — Of the greatest significance to the 
clinician are those arrhythmias which indicate irritation of the ven- 
tricular muscle Reference has already been made, in discussing the 
first group of cases, to the occurrence of ectopic ventricular premature 
beats, which arose more often in the right, but occasionally m the 
left ventricle These were observed in all of the eight cases in the 
series now under discussion In some instances they were transitory, 
disappearing spontaneously or after more of the drug was given They 
assume particulai importance in those individuals m whom occasional 
ventricular premature beats are not present prior to the beginning of 
treatment They may occur as isolated extrasystoles, or, in such 
fashion as to cause coupled rhythm, like that seen in the early stages 
of digitalis poisoning (Case 6, first course. Fig 7) 

Pai oxysms of VenUicnlar Tachycardia — If more quimdin is given, 
however, ventricular premature beats may occur in rapid succession 
in a manner to result in paroxysms of ectopic ventricular tachycardia 
(Cases 3, 6, 7 and 11, Figs 6 and 8), or as a continuous sequence 
of extrasystoles arising in an ectopic focus in the ventricle (Case 7, 
Fig 8) Case 7 is of particular interest m this connection, m that 
\entncular tachycardia occurred at first during the fibrillatory period, 
then at a time when auricular flutter with 3 1 block was present 
and subsequently, with slower auricular rate and 2 1 block The 

11 Lewis T Obsenations upon Flutter and Fibrillation Part IV 
Impure Flutter, Theorj of Circus Movement, Heart 7 293, 1920 
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paroxysms in the three cases in which this mechanism was seen were 
fortunately of short duration, lasting always less than twenty hours 
and sometimes disappearing m the course of three hours aher the 
last dose of quinidin was given 

Ventriculai tachycardia assumes a real significance if it is borne 
in mind that in dogs injected with digitalis or strophanthin this 
irregularity is not infiequentl) the precuisor of ventricular fibrillation 
and death Dogs which ha\e received qumidin occasionally, though 
rarely, die with this arrhythmia - Several sudden and unexplained 
deaths are reported by careful observers following quinidin administra- 
tion in patients in whom, at necropsy, dilatation of the heart but no 
e\idence of pulmonary or other embolism was found It is quite 
possible that in these patients \entricular fibrillation was the cause 
of death Unfortunatel} the cardiac mechanism shortly before and 
at the lime of death has not been recorded 

In certain individuals, then, quinidin is a highly toxic substance 
for heart mu'^cle, c\en in doses ordinaril} regarded as safe in clinical 
therapeutics Until fuithci details of its action are known, it is wise 
to insist that patients receiving this ding should remain m bed, prefer- 
ably m a hospital, under close observation by nurse and physician 
^^'hele possible thei.ipy should be conti oiled by graphic records Phy- 
sicians vho prescribe quinidin should do so with the realization that 
in proper hands it possesses great therapeutic virtue, whereas unin- 
telhgcntly gl^cn, it mav cause disastrous effects and fall into undeserved 
disrepute 

SUMMARY 

1 An electrocardiographic study has been made of eleven patients 
\Mth auricular fibrillation who received quinidin sulphate by mouth 
In three, to whom quinidin ^\as gnen on twelve occasions, the normal 
rlnthm was restoicd nine tunes In eight, to whom the drug was 
given on eleven occasions, restoration of the normal rhythm was not 
accomplished 

2 In the cases in which normal rhythm was established, the first 
effect noted was usually acceleration of ventricular late, next in order 
came ectopic ventriculai beats The transitional mechanisms in the 
common order of appearance were coarser fibnllation, denoting 
retardation of auricular rate, impure flutter, flutter and normal rhythm 

3 The transition from flutter to normal rhythm has been photo- 
graphed in the second lead and has been described 

4 The occurience of variations m the form of P waves, ectopic 
auricular contractions, auricular tachycardia and smo-auricular block 
after resumption of the sinus rhythm, is adduced as evidence that 
there is, even at this time, a tendency foi the impulse to be initiated 
at a point other than at the sinus node and to traverse an unusual 
path in Its course through the auricle 
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5 Both auricular and ventricular premature beats could, on occa- 
sion, be abolished by further exhibition of the drug 

6 The effects on rate, A-V conduction, intraventricular conduction 
and on the T wave have been discussed 

7 Reference has been made to the influence of digitalis on the 
issue of quinidin administration and to the effect of atropin after 
establishment of the sinus rhythm 

8 In the cases in which restoration of the normal mechanism was 
not accomplished, evidences of the undesirable action of quinidm were 
more frequently observed Tachycardia was troublesome and in one 
instance was followed by signs and symptoms of heart failure 

9 The close interrelationship of fibrillation, impure flutter and 
flutter was evident in that rapid change from one of these mechanisms 
to the other was frequently seen This observation lends support 
to the concept that they are all dependent on the same basic disturbance, 
namely, a circus contraction in the auricles 

10 Ectopic ventricular beats were seen after qumidin in all of the 
eight cases under discussion These occurred at times in such fashion 
as to cause coupled rhythm 

11 After the continued administration of quinidm, paroxysms of 
ectopic ventricular tachycardia sometimes ensued This arrhythmia is 
significant foi the chnican, for m dogs injected with digitalis or 
strophanthm it is not infrequently the precursor of ventricular fibrilla- 
tion and death In the thiee cases in which this mechanism was 
seen, the paroxysms were fortunately of short duration 

12 In certain patients, quinidm is a toxic substance for heart 
muscle, even in doses ordinarily regarded as safe for clinical use 
Carefully administered, the drug possesses great therapeutic virtue, 
whereas unintelhgently given, it may be expected to cause undesirable 
effects 

APPENDIX 
REPORT OF CASES 

CASES IN WHICH THE NORMAL MECHANISM WAS RESTORED 

Case 1 — Hosp No 3968 Male, aged 55 Diagnosis Syphilis , chronic 
myocarditis Known duration of fibrillation, one and a half years, duration 
of cardiac symptoms, two years 

This patient received quinidm sulphate on five different occasions, four times 
to restore the normal rhythm, the fifth time in an attempt to abolish auricular 
and \entricular premature beats at a time when the sinus rhythm prevailed 

Fvst Com sc — March 10 to 15 4 6 gm were given in six days The patient 

had been taking 0 1 gm digitalis (digitan) daily prior to quinidm administra- 
tion The original mechanism, as recorded electrocardiographically, was fine 
auricular fibrillation There was left ventricular preponderance and an 
occasional left ventricular premature beat 

First Day 02 gm at 3 and 6pm There was no evident effect 

Second Day 0 2 gm at 7 9 11 a m and 1 and 3pm At 10 50 a m 
after 0 8 gm , the \entricular rate rose from 110 to 142 and right ventricular 
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premature contractions appeared, these were transient and were not again 
observed during this course of treatment By 4 p m the rate had again fallen 
to 95 

Third and Fourth Dajs No quinidm given 

Fifth Day 04 gm at 12 noon, 4 and 8pm Again there was aeeeleration 
of rate, \\hich at 6 p m was 130 

Sixth Da\ “Vt 6 a m, the ventricular rate was 140, with but 114 beats 
palpable at the u rist 0 4 gm at 8 and 10 a m , 12 noon, 2 15 and 4pm At 2 50 
p m , after 1 6 gm , there was impure flutter with ventricular rate of 115 This 
uas followed after another 04 gm , b> restoration of the normal mechanism 
with rate of 80 TIic sinus rlnthm was recorded one hour and fifty-five minutes 
alter the onset of flutter On the following daj the T w'ave m Lead III, wdiich 

Cose 1 Hosp No 39 6B 
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Fig 1 — Case 1 Hosp No 3968 April 13 Quinidin sulphate, 0 4 gm , 
at 10 30 a m , 12 noon, and 2 30 p m 

9 10 a m, control Auricular fibrillation, ventricular rate, 185, QRS = 
0 10 sec 

10 50 a in, after 0 4 gm Auricular fibrillation, ventricular rate, 185, 
right ventricular premature contraction (Lead III) 

3 00 p m , thirty minutes after 1 2 gm Auricular flutter, auricular rate, 280, 
ventricular rate, 140 QRS=:013 sec 

3 30 p m, one hour after 12 gm Normal rhythm, ventricular rate, 95, 
P-R = 013 sec QRS=013 sec 

April 18, five days later 9 15 a m Normal rhythm, auricular premature 
contractions, ventricular rate, 60, P-R = 013 sec, QRS=010 sec 
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had been upright, became inverted and auricular premature beats were present 
The latter disappeared spontaneously after being present for four days The 
P-R (conduction) time during the period of normal rhythm ranged from 013 
to 016 second The sinus rhythm prevailed for twenty-three days On the 
twenty-fourth day fine auricular fibrillation with ventricular rate of from 120 
to 135 suddenly reappeared In the course of three days the T wave m all 
three leads assumed the opposite direction from that previously recorded 
There were occasional left ventricular premature beats On the twenty-fifth 
day the ventricular rate rose to 184 and remained at this level until qumidin 
was again administered five days later 

Second Cowse — ^April 13 Three doses of 0 4 gm each were given at two 
hour intervals After 0 4 gm , right ventricular premature contractions appeared, 
but were transitory After 0 8 gm there was gradual fall in rate from 180 to 

Case I Hosp No 3966 

n 





Fig 2 — Case 1 Hosp No 3968 March 15 Quinidin sulphate, 04 gm, 
at 8 and 10 a m , 12 noon, 2 IS and 4 p m 

2 50 p m, after 16 gra Auricular fibrillation, ventricular rate US, T 
wave = qp -j- -}- 

4 45 p m , forty-five minutes after 2 gm Normal rhythm , ventricular rate 
80, P-R — 015 sec, T wave = -f -h -j- 

March 16, twenty-one hours later 2 15 p m Normal rhythm, ventricular 
rate 69, P-R = 014 sec, T wave = -}-q: — 

140 The T wave in Lead I changed from inverted to upright Three hours 

after beginning treatment and one hour after the second dose, there was impure 

flutter with ventricular rate of 145 The Q R S interval was 0 10 second 

Impure flutter persisted for forty minutes after which 2 1 flutter was recorded 
The Q R S interval was now from 0 12 to 0 13 second After forty-five minutes 
of flutter, normal rhythm with rate of 95 was established The T wave ir Lead 
III changed at once from upright to inverted Auricular and right ventricular 
premature beats were present, the latter disappearing m the course of a few 
hours The QRS interval still ranged from 012 to 013 second Next day the 
rate was 69 and was maintained at about 70, until fibrillation reappeared 
twenty-one days after onset of normal rhythm QRS group remained wider 
than normal, i e , more than 0 10 second, for six days, then resumed its former 
value of 0 10 second On the twenty-first day of normal rh 3 d:hm fibrillation 






LEVY—QUINIDIN 


465 


witli \cntricular late of 120 set in Next day there was further acceleration of 
rate, from 170 to 180, and the T waA'-e in Lead III changed from inverted to 
upright 

7/ii;d Collide — Ml} 6 04 gm sufficed to lestore normal rhythm on this 

occasion, the ventricular rate falling rapidly from 185 to 94, and on the fol- 
lowing day to 72 The T wave m Lead III again changed from upright to 
m\ertcd and atinciilai premature beats appeared Normal rhythm was present 
for onh four days , then for a day fibrillation supervened, foi a few hours 
there was spontaneous resumption of normal rhythm and then again reversion 
to fibrillation with \entriculat late of 180 After the onset of fibrillation the 
r wave m Lead III again became npiight While the sinus rhythm prevailed, 
P-R (conduction) turn, was fiom 012 to 013 second 

Cascl Hosp No 3968 



Fig 3 — Case 1 Hosp No 3968 May 26 Qumidin sulphate, 04 gm, 
at 8 and 11a m , and 1 p m 

10 17 a m, after 0 4 gm Normal rhythm, auiiculai and right vcntiicular 
prem itnrt contractions, rate 75, P-R = 013 see 

12 14 p m, after 0 8 gm Normal rhythm, auricular prematuie contrac- 
tions, rate 66, P-R = 0 14 sec 

2 15 p m , after 12 gm Normal iliythm, rate 61, P-R = 012 sec 

Foutl/i Coui'ic — May' 18 After seven days of fibrillatory mechanism, 04 
gm w'as again given, and 2 1 flutter ensued forty inniutes after quiindin was 
taken with no demonstrated intermediate mechanism When flutter first 
appeared, the ventricular rate w'as 180 but fell in the course of thirty-five min- 
utes to 145 One hour and two minutes after the onset of fluttci there evas a 
normal rhythm at the late of 108 Theie were occasional aunculai premature 
beats The T w'ave in Lead III changed from upright to inverted At the 
end of four hours the ventricular rate had fallen to 75 P-R (conduction) time 
was from 0 12 to 0 14 second Three days after the establishment of normal 
rhythm auricular flutter reappeared but the fibrillatory mechanism was not 
resumed On the following day one dose of 04 gm sufficed once more to 
restore the normal mechanism though occasional auricular premature beats 
were present 
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Fifth Course— May 26 In the course of four days many premature con- 
tractions, both of auricular and right ventricular origin, were present These 
were sufficiently numerous to cause complaint , 1 2 gm , given m three doses of 
04 gm each, at three hour intervals sufficed entirely to abolish the ectopic 
contractions The normal rhythm has now been maintained in this patient for 
more than eleven months He has been taking 0 4 gm quimdin every second 
day, and three doses of 04 gm each on one day every two weeks At times 
premature beats of auricular origin have been present, but the larger dosage 
has usually served to restore the undisturbed normal mechanism 

Case 2 — Hosp No 4330 Male, aged 26 Diagnosis Chronic endocarditis 
(rheumatic) , mitral stenosis and insufficiency Known duration of fibrillation, 
one month , duration of cardiac symptoms, eight years 


Case Z Hosp No 4330 



Fig 4 — Case 2 Hosp No 4330 Normal rhythm had prevailed for eighteen 
days after a previous course of quinidm May 21 9 47 a m Normal rhythm 
still present, rate 80, P-R = 015 sec 

May 23 9 34 a m Auricular fibrillation and impure flutter, ventricular 
rate 92 

May 25 9 48 a m , control Impure flutter and flutter , ventricular rate 90 

10 05 a m , quinidm sulphate, 0 4 gm 

11 30 a m, eighty-five minutes after 04 gm Lead 11 Transition from 
auricular flutter, with ventricular rate of 122 and auricular rate of 244, to 
normal rhjthm, with ventricular rate of 72, P-R = 016 sec 

11 38 a m Normal rhythm, ventricular rate 86, P-R = 016 sec 
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This patient rcceucd three courses of quinidin, each time with restoration 
of normal rhythm He was kept in bed in the hospital for one month without 
medication before beginning quinidin administration The original mechanism 
^\as coarse auricular fibrillation, there was right ventricular preponderance 
Ventricular rate prior to treatment ranged from 100 to 110 

Pifti Cou7<;c — klarch 17 and 18 16 gm given m two days 

First Day 02 gm , at 11 30 a m and 1 30 p m The first effect noted 
vas an increase in the rate of the ventricles to 125, even after this small pre- 
hminarj dose At 4 30 p m , three hours after the second dose, there was 
auricular flutter with 3 I block 

Second Da> 04 gm at 7, 9 and 11 am At 9 30 a m , thirty minutes 
after the second dose, the rate was 140, and the mechanism auricular flutter 
with 3 1 block There were a few left ventricular premature beats One 
hour and fi\e minutes after 12 gm had been given, normal rhythm was estab- 
lished w'lth a rate of 95 Premature beats were no longer present The T w^ave 
in Lead III, which, prior to treatment, had been inverted, became upright in 
the course of two hours There w'as a progressive fall in rate and at the end 
of fi\c hours the ventricles were beating 73 times per minute P-R (con- 
duction) time was from 016 to 017 second There w'cre occasional auricular 
premature beats The normal rhjthm was maintained for thirteen days It is 
of interest to note that on the last da> of normal rhythm the T wave in 
Lead III again changed from upright to iinerted, and the following morning 
auricuhr fibrillation was recorded once again, the T wave remaining as on 
the previous dav Ventricular rate was 110 Two davs later there was impure 
flutter with rate of 130, followed bj coarse fibrillation with rate ranging from 
110 to 115 

Sicaud Com sc — '\pril 7 On the eighth daj after reversion to fibrillation 
04 gm was given it 7 and 9 a m The normal rhythm was again promptly 
reestablished at 9 30, the intermediate mechanisms, if such were present, not 
being recorded The ventricular rate was 85 The T wave in Lead III again 
changed from inverted to upright, and auricular premature beats were present 
These were observed to disappear and reappear at times P-R (conduction) 
time was from 014 to 016 second On this occasion the normal rhythm per- 
sisted for twentv -three dajs, the ventricular rate ranging from 66 to 80 On 
the twentv -third day there was again auricular fibrillation with a ventricular 
rate of 120 and the T wave in Lead III became inverted Four days later 
the nornnl rhjthin was resumed without medication, and persisted for twentj 
d.a 3 s, the P-R (conduction) time being from 015 to 016 second and the 
T wave in Lead III being upright Again there were occasional auricular pre- 
mature beats On the twentieth dav there was a mixture of auricular flutter 
and fibrillation, with ventricul ir rate of 92 and an inv'crted T wave in Lead III 
On the following daj there were seen in the same curve both impure flutter 
and auricular fibrillation, and on the day after this flutter, impure flutter and 
auricular fibrillation 

'I hud Course — klaj 25 0 4 gm was given at 10 05 a m At 11 o’clock 
there was impure flutter and at 11 30, one hour and twenty-five minutes after 
quinidin had been given, the transition from auricular flutter to the normal 
mechanism was recorded in Lead II There were occasional auricular pre- 
mature beats Ta was again upright There was a fall in v'entncular rate 
from 122 during the period of flutter, to 72 after the sinus rhythm was restored 
The P-R (conduction) time ranged from 016 to 017 second 

The patient was discharged fiOm the hospital three days later with a normal 
rhythm, but did not report for observation as directed He returned for exam- 
ination four months later showing the fibrillatory mechanism with a ventricular 
rate of 96 Three doses, of 0 4 gm each, again restored the normal mechanism, 
and this was maintained for three months with the intermittent quinidin 
medication giv^cn on a plan similar in its essentals to that outlined for Case 1 

Cash 3— Male, aged 55 Diagnosis Chronic endocarditis (rheumatic), 
mitral stenosis and msufiiciency Known duration of fibrillation, fifteen months , 
duration of cardiac symptoms, six 3 'ears 
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Fig 5 — Case 2 Hosp No 4330 Transition from auricular flutter to normal rhythm (Lead II) with tenth to eighteenth, and thirty- 
third to forty -third cycles aftei establishment of sinus rhythm Occasional auricular premature contractions (For tabulation of measure- 
ments, see Table 2 ) 
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The patient was partlj digitalized prior to quinidin therapj, having taken 
some digitalis, the amount of which was not definitel}’^ known, before entering 
the hospital He received four courses of quinidin On two occasions only 
was the normal rhythm reestablished The original mechanism was coarse 
auricular fibrillation, with a \ entricular rate of 145 

Fust Com sc — May 13 12 gm was given in one day The patient received 
0 4 gm at 10 30 a m , 12 30 and 2 30 p m There was no significant effect 
Sicond Com sc — Alaj 19 to 25 84 gm were given m seven days This 

course ^\as given six dajs after the first attempt at therapv 

First Da\ 0 4 gm uas administered at 10 a m . 12 noon, 2 and 4pm The 
^ entricular rale before the first dose was 125, somewhat higher than when 
the first course was given After 0 8 gm this had risen to 150 After 1 2 gm 
It was again 120 and there were premature beats of right ventricular origin 
At 4 35 p m, 1 e, thiry-fnc minutes after a total of 1 6 gm had been admin- 
istered, there was ectopic right \ entricular tach 3 'cardia with a rate of 120 

Case 3 Hosp No 4118 


1 n m 



ir,g 6— Case 3 IIosp No 4118 May 20 Quinidm sulphate, 0 4 gm , at 
10 a m , 12 noon, 2 and 4pm 

9 25 a in , control Auricular fibrillation , ventriculai rate 120 

11 20 a m , after 0 4 gm Coarser auricular fibrillation, ventricular rate 130 
4 30 p m, after 16 gm Auricular fibrillation, parox 3 ’^sms of ventricular 
tachycardia, isolated left ^ entricular premature beats 
May 21 and 22 No quinidin given 

Ma 3 23 and 24 Quinidin sulphate, 1 6 gm , on each day 
May 25 Quinidin sulphate, 2 gm 

May 26 9 33 a m Normal rhythm, \ entricular rate 78, P-R = 024 sec 
May 27 9 38 a m Normal rh 3 dhm , sino-auricular block, ventricular rate 

80, P-R=:Q22 sec 

10 05 a m Paioxvsm of auricular lach 3 'caidia wnth transition to nonnal 
rh3dhm 
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Second Day The following morning ventricular tachycardia had dis- 
appeared and the ventricular rate was 120 Four-tenths gram was again given 
at 10 a m , 12 noon, 2 and 4pm At 11 20, one hour and twenty minutes after 
the first dose, there was impure flutter in addition to the coarse fibrillation 
At 1 30, one hour and thirty minutes after the second dose, there was again 
auricular fibrillation without flutter, but there were right ventricular premature 
beats The ventricular rate was 140 At 4 30, thirty minutes after the fourth 
dose, there were paroxysms of ventricular tachycardia originating first m 
the right ventricle, then m the left, together with isolated left ventricular 
premature beats, the rate was 130 

Third Day There was again auricular fibrillation with a ventricular rate 
of 126 No drug was given on this day or on the fourth day of treatment 

Fifth Day 0 4 gm was given at 11 a m, 1, 3 and S p m The ventricular 
rate at 9 54 a m, before giving qumidin, was 145, at 4 15 p m it was 115 
No change m mechanism was noted 

Sixth Day At 9 27 a m, there was impure flutter with rate of 130, 04 gm 
was given at 10 a m , 12 noon, 2 and 4pm At 1 30 p m , one hour and 
thirty minutes after a total of 0 8 gm , had been given, there were right ven- 
tricular premature beats At 3 55 p m , fifty-five minutes after the third 
dose, there were paroxysms of left ventricular tachycardia with a rate of 130 
At 4 15 p m these had disappeared and there were isolated right ventricular 
premature beats 

Seventh Day 0 4 gm given at 9 30 and II 30 a m , 1 30, 3 30 and 6pm 
Electrocardiograms taken on this day showed impure flutter with a ventricular 
rate ranging from 110 to 130 At about 7pm the normal ihythm was estab- 
lished, the patient being distinctly conscious of the alteration m mechanism 
The following morning at 9 33, this was recorded with a rate of 78, the P-R 
(conduction) time being 0 24 second The normal rhythm persisted for fourteen 
days, during which the rate ranged from 75 to 90, and the P-R (conduction) 
time from 0 21 to 0 24 second On the second day of normal rhythm an 
isolated instance of sino-auncular block was photographed, and later on this 
same day a short paroxysm of auricular tachycardia with the transition to the 
normal rhythm On the twelfth and thirteenth days of normal rhythm there 
were auricular premature beats, and on the fourteenth day auricular fibrilla- 
tion with rate of 102 was again present The T wave during the time when 
no-mal rhythm was present showed no significant alteration Fibrillation nro- 
ceeded for three days, the ventricular rate during most of this period ranging 
from 150 to 160 

Thud Couisc — June 16 to 20 First Day 04 gm given at 10 30 a m, 
12 30 and 2 30 p m At 11 30 a m, one hour after the first dose, there 
were right ventricular premature beats At 1 40, one hour and ten minutes 
after the second dose, there were portions of the curves showing impure flutter 
III addition to fibrillation, with both right and left premature beats, the ven- 
tricular rate being 140 The ventricular premature beats disappeared before 
the third dose was given but were again present one hour after 1 2 gm had 
been administered 

Second Day Impure flutter with coarse fibrillation still prevailed, 0 4 gm 
given at 10 a m , 12 noon and 2pm At 10 50, fifty minutes after the first 
dose, the curves showed flutter and impure flutter with a ventricular rate 
of 160 After the second dose there was again coarse fibrillation with right 
\ entricular premature beats One hour after the third dose there was again 
coarse fibrillation with impure flutter and right ventricular premature beats 

Third Day No qumidin was given The mechanism was impure flutter 
with rate of 145 

Fourth Day No records were made 

Fifth Day At 9 50 there was coarse fibrillation and impure flutter with 

a rate of 160, 04 gm given at 11 a m, 1, 3, 5 and 7pm The rate remained 

at about this level At 3 40, forty minutes after the third dose, there were 

occasional premature beats arising m both right and left ventricles Fifty 

minutes later these were more numerous 
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Sixth day A record taken at 9 SO a m showed the normal mechanism with 
a rate of 88, the P-R (conduction) time 021 second and an upright T wave 
m Lead III, it having been previously inverted At 4 p m on this day the 
rate \\as 85 and there were occasional auricular premature beats The dura- 
tion of normal rhythm was brief, and on the following morning there was again 
coarse auricular fibrillation with rate of 150 and flattening of the T wave m 
Lead III 

Fouitli Couisc June 22 16 gm were given in one day, 04 gm at 10 30 
a m , 12 30, 2 30 and 4 30 p in At 11 30, one hour after administering 
0 4 gm , there i\as, in addition to auricular fibrillation, impure flutter with 
rate of 180 One hour after the second dose, the rate had fallen to 142, and 
at 3 36, one hour and six minutes after the third dose, the rate was 125 
There \\cre at this time paroxysms of right and left ventricular tachycardia 
A.t 4 25 these paroxysms were no longer noted, nor was impure flutter present 
There \\as coarse auricular fibrillation with isolated right and left premature 
beats, the ventricular rate being 138 

On the following morning the ventricular rate was 134, and the patient 
complained of palpitation and dyspnea He was accordingly given digitalis 
in the form of digitan, 1 gm on this day and 0 5 gm the following morning 
No further attempt at qiiinidm therapy was undertaken 

CASLS IN’ WHICH THF RESTORATION OF THE NORMAL MECHANISM 
W'\S NOT ACCOMPLISHED 

C\SF 4 — Female, aged 32 Diagnosis Chronic endocarditis (rheumatic), 
mitral stenosis and insuflicienc\ , aortic insufficienc} Knowm duration of fib- 
rillation, five months, duration of cardiac sunptoms, tw'o years 

In fi\e da}s 4 8 gm w’as gnen The original mechanism was auricular 
fibrillation with right \cntricular preponderance The patient was well digi- 
talircd before beginning qumidin treatment, tbe ^cntrlcular rate ranging from 
70 to SO 

First Day Feb 28 02 gm given at 11 50 a m and 5 30 p m There 
was 110 notable eflcct 

Second Da} 0 4 gm given at 12 30 and 6pm There was a sharp rise 
in heart rale to 142 at 8 p m with a gradual return to the former level of 64 
the following morning 

Third Day' 0 4 gm was gn cn at 9 50 a m, 2 and 6pm Again there 
was a sharp rise in r.-itc, reaching its maximum of 135 at 8 p m, with return 
to 75 by tlie following morning There were, m addition, occasional right 
\cntricular premature beats which were first recorded three hours after the 
first dose on this day, and persisted throughout the night The following morn- 
ing the rate was 75 

Fourth Day' 04 gm w’as given at 7 30 and 11 45 a m, and 5pm The 
rate again rose to 127 at 6 p m with gradual fall during the night Right 
\entricular premature beats persisted 

Fifth Day The rate in the morning was 82, 04 gm was given at 8 and 
11 30 a m, and 5pm Tachycardia again ensued, w'lth maximum rate of 
125 at 8 p m Premature beats became more numerous No more qumidin 
was administered The following morning the rate w'as again 69 to 74 

Case 5 — Male, aged 19 Diagnosis Chronic endocarditis (rheumatic), 
mitral stenosis and insufficiency, aortic insufficiency Known duration of fib- 
rillation, two months , duration of cardiac sy-mptoms, eight years The original 
mechanism was fine auricular fibrillation w'lth right ventricular preponderance, 
the rate ranging from 63 to 80 During seven days 4 2 gm was given 

First Day Feb 3 01 gm was given at 12 noon and 5pm No effect was 
noted 

Second Day 02 gm given at 11 30 a m and 5pm The rate remained 
70 There was no significant change 

Third Day 02 gm at 10 a m and 4pm There was a slight increase 
m heart rate to 104 

Fourth Day The rate had returned to 60 but there were occasional right 
ventricular premature beats No qumidin w'as given on this day 
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Fifth Day 0 4 gm was given at 10 30 a m and 4 p m Three hours after 
the first dose, the rate was 110, the fibnllatory waves were slightly coarser^ 
and there were ectopic beats originating in both left and right ventricles The 
T wave was unchanged At 8 p m the ventricular rate was 126 but by the 
following morning it had fallen to 73 

Sixth Day The fibnllatory waves were fairly coarse and the premature 
beats had disappeared, 04 gm was given at 10 15 a m, 1 and 4 55 p m 
At 11 35, one hour and twenty minutes after the first dose, the rate had risen 
to 91 and there were occasional right ventricular premature beats The T wave 
in Lead HI, which was upright, showed a higher voltage than before At 
12 20 the rate was 130, the curve showing auricular fibrillation and impure 
flutter, and more numerous right and left ventricular premature beats At 
4 25, three hours and twenty-five minutes after the second dose, the rate 
was 128, the rhythm flutter, and premature beats were present as before At 
4 45 there was again auricular fibrillation and impure flutter with a rate 
of 122, and at 5 55 reversion to coarse fibrillation with showers of right and 
left ventricular premature beats 


Case 6 Hosp No 4127 



Fig 7 — Case 6 Hosp No 4127 March 25 Quinidin sulphate, 0 4 gm , 
at 7, 9 and 11 a m 

9 15 a m, after 0 8 gm Auricular fibrillation, ventricular rate 78 
1 05 p m , after 1 2 gm Auricular fibrillation , ventricular premature con- 
tractions (Leads I and II), coupled with the usual ventricular complexes, 
ventricular rate 90 


Seventh Day The ventricular rate at 9 30 a m was 70 There was coarse 
fibrillation with occasional right and left ventricular premature beats , 0 4 gm 
was given at 11 30 a m , 1 30 and 3 30 p m There was a gradual increase 
m rate which at 6 p m was 111, but without alteration in mechanism Coarse 
fibrillation and right and left ventricular premature beats persisted On the 
following day, the tachycardia was still present, the ventricles beating at the 
rate of 131 at noon There was also a sharp rise in temperature, which at 
4pm was 102 F Whether or not this febrile reaction bore any relation to 
qumidin therapj it was not possible to say At the time at which it occurred 
the patient complained of severe pain m the precordial region and in the left 
chest The ^flowing morning the temperature was again normal, the ven- 
tricular rate 74 No more quinidin was administered 

Case 6 Female, aged 23 Diagnosis Chronic endocarditis (rheumatic) , 
mitral stenosis and insufficiency Known duration of fibrillation, thirteen 
months, duration of cardiac symptoms, five years The patient received two 
courses of quinidin 
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Fust Couisc — Feb 24 to 28 3 6 gm was given in five days The original 
mechanism was fine auricular fibrillation with right ventricular preponderance 
and occasional right ventricular premature beats The rate ranged from 60 
to SO The patient had been receiving digitalis in the form of digitan for a 
number of dajs prior to quinidin therapy 

First Da 3 ' 0 2 gm was given at 12 and 2pm There was no notable effect 
Second Daj 04 gm \\as given at 7, 9 and 11 a m, and 1 10 p m Two 

hours and five minutes after the first dose there were numerous right ven- 

tricular premature beats which were rhythmically coupled with normal com- 
plexes Fifty minutes aftei the fourth dose the extrasystoles disappeared and 
were not again recorded for two daj's There was a slight increase in rate, 
from 78 to 90 

Third Daj’ The rate was again 74 There were no premature beats No 
qiiinidin was gnen on this day 

Fourth Day No quinidin W'as given 

Fifth Day The rate at 9 o’clock was 62, 04 gm w'as administered at 9 20 

and 11 a m, 1 and 3pm At noon, one hour after the second dose, the 

\cntricular rate was 94 and remained at a fairly constant level, between 80 
and 90, thirty minutes after the fourth dose At this time there were paroxysms 
of \cntricular taclncardia wnth a rate of 115, and right ventricular premature 
beats of lanous forms The paroxj'sms w'ere still present at 5 45, and at 
this time left ^cntrlcular premature beats as well as others originating in the 
right lentncle were noted B}' the following morning the ventricular rate was 
again 62 and the original mechanism, namety, fine auricular fibrillation, was 
present No quinidin was gnen for eight days 

Second Conroe — \pril 4 to 6 32 gm was given in three days 
First Dav 0 4 gm was gnen at 11 a m and 4pm At 3 15 the rate had 
risen to 145 and right ^cntrIcular premature beats were again present 

Second Daj 04 gm was given at 7 15 and 11 15 a m and 4pm The 
rate remained at a fairlj constant level betw'ccn 80 and 90, but at 4 15 right 
ventricular prcmatuie heats, which earlier in the day had not been present, 
reappeared 

Third Day 04 gm was given at 7 IS and 11 20 a m and 4pm The 
rate at 8 n m rose to 117, fell gradually to 87 at 6 p m, but on the follow- 
ing morning was again rclativety high, namely from 115 to 125 After a lapse 
of twenty-four hours, however, the ventricles w'ere beating 73 times per minute 
Xo more qumidin w'as given 

Casi 7 — Male, aged 58 Diagnosis Chronic myocarditis Known dura- 
tion of fibrillation, one month, duration of cardiac symptoms, two years This 
patient received 3 2 gm quinidin m fiv'c da 3 's The original mechanism was fine 
auiitiihr fibrillation with left ventricular preponderance He had been in the 
hospital prior to quinidin thcrap 3 ’’ for one month, during which time he received 
no medication The ventricular rate during this time was quite labile, ranging 
from 90 to 120 

First Day March 28 The rate at 9 45 a m was 120, 02 gm was given 
at 10 a m and 12 noon At 2 15 p m there were right and left ventricular 
premature beats, which by 4 20 had disappeared 

Second Day The* rate at 9 14 w'as 112, 04 gm was given at 10 a m, 
12 and 2pm At noon the rate had risen to 140 and there were paioxysms 
of left ventriculai tachycardia with isolated left v'entricular premature beats 
These paroxysms persisted throughout the day, becoming longer, so that at 
5 30 thc 3 were almost continuous 

Third Da 3 '- No quinidin was given The record at 9 25 a m showed 
3 1 auricular flutter At 10 40 the curv'c showed both auricular flutter and 
fibrillation At 12 10 there was again pure flutter, with an occasional left 
ventricular premature heat, the ventricular rate ranging from 115 to 120 

Fourth Da 3 '^ 3 1 flutter, with ventricular rate of 125, was still present at 
9 07 a m , 04 gm was given at 10 30 a m and 2pm At 11 38 there was 
once again auricular fibrillation and flutter, and at 1 15, 2 1 flutter with 
ventricular rate of 145 This mechanism persisted throughout the day until 
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4 o’clock, at which time there was 2 1 flutter, with paroxysms of left ven- 
tricular tachycardia 

Fifth Day At 9 05 a m the curve showed both impure flutter and fibrilla- 
tion, 04 gm was given at 10 10 a m and 2pm At 11 30, one hour and 
twenty minutes after the first dose, there was 3 1 flutter with ventricular 
rate of 112 At 4 10, two hours and ten minutes after the second dose, there 
was 2 1 flutter with paroxysms of left ventricular tachycardia, ventricular rate 
being 132 A record made at 5 05 showed the persistence of this mechanism 
On the following morning the flutter was still present, the ventricular rate 
being 120 Digitalis, in the form of digitan, 0 5 gm , was given at 10 a m 
and again at 11 a m At 11 o’clock there was auricular flutter and fibrillation, 
with a ventricular rate of 122 On the day following the administration of 
digitan, the ventricular rate was 80, and fine fibrillation, as it had appeared 
before beginning quinidin treatment, was again the prevailing mechanism 
Case 8 — Male, aged 34 Diagnosis Chronic endocarditis (rheumatic) , 
mitral stenosis and insufficiency Known duration of fibrillation, three weeks , 
duration of cardiac symptoms, one and one-half years The original mechanism 

Case 7 Hosp No 4327 
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Fig 8 Case 7 Hosp No 4327 March 29 Quinidin sulphate, 04 gm , 
at 10 a m , 12 noon and 2pm 

^ ^ control Auricular fibrillation, ventricular rate 112 

12 15 p m,after0 8gm Auricular fibrillation , paroxysms of left ventricular 
tachycardia 


5 30 p m 
tachycardia 
kfarch 30 
9 25 a m 
March 31 
4 00 p m . 


after 1 2 gm Same as 12 noon Longer paroxysms of 
No quinidin given 

Auricular flutter, \entricular rate 115, auricular rate 345 
Quinidin sulphate, 0 4 gm , at 10 30 a m and 2pm 
after 1 2 gm Auricular flutter , paroxysms of left ventricular 


tach^ cardia , ventricular rate 135 , auricular rate 270 
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\\as fine auricular fibrillation The patient had been in the hospital two weeks 
prior to quinidm therapy without medication, during which time the ventricular 
rate ranged from 90 to 110, 62 gm quinidin was administered during an 
tight day period 

First Day March 30 02 gm given at 2 and 4 pm, with rise of ven- 
tricular rate from 94 to lOS 

Second Day At 9 26 a m the rate was 104 and there were occasional 

left ventricular premature beats, 04 gm was given at 10 15 a m, 12 noon 

and 2 p ra At 11 30 the fibrillatory waves had become somewhat coarser 
and the rate was 110, at 2 05 the rate was 135 At 4 15 p m there was 
impure flutter with a ventricular rate of 120 

Third Day At 9 16 a m the record showed coarse fibrillation and impure 
flutter with a ventricular rate of 112 The T wave in Lead II, which had 
prcMously been upright or diphasic, was now iso-electric, 04 gm was given 

at 10 25 a m , 12 noon and 2pm At 11 52 there was impure flutter with 

right \entricular premature beats, and this persisted throughout the day, the 
\entricular rate ranging from 90 to 120 The T waves in Leads II and III 
vere \ariable 

Fourth Daj At 9 42 the ventricular rate was 90 and there was coarse 
auricular fibrillation The T wave in Lead III, which had before been inverted, 
was now upright Only one dose of quinidin, 04 gm , was given at 10 a m 
because of complaint by the patient of epigastric discomfort 

Fifth Daj' No quinidin w'as given 

Sixth Dav The ventricular rate was 120, 0 4 gm was given at 7 30 and 

11 45 a m, and 5pm There was no significant change in mechanism but 
the rate fell gradually to 90 at 3 35 p m The T wave in Lead III again 
was variable m its direction 

Seventh Day The ventricular rate was 115, the records showing coarse 
fibrillation, 02 gm was given at 10 10 a m, 2, 4, 6 and 8pm This smaller 
and more fractionated dosage produced no notable effects 

Eighth Day The ventricular rate was 120 There was coarse fibrillation, 
04 gm W'as given at 10 15 a m and 12 noon There was no alteration in 
mechanism Headache, slight nausea, sweating and palpitation induced dis 
continuation of therapy 

Cash 9 — Female, aged 33 Diagnosis Chronic endocarditis (rheumatic), 
mitral stenosis and instifliciency Known duration of fibrillation, two months, 
duration of cardiac symptoms, seven 3 'cars 

This patient received 2 4 gm quinidin in three days The original mechanism 
W’as moderately coarse auricular fibrillation with occasional left ventricular 
premature beats 1 he v'entricular rate prior to therapy ranged from 95 to 140 

First Day March 31 0 2 gm w'as given at 11 30 a m and 12 30 p m 
There was no noteworthy effect 

Second Day The rate at 9 a m was 112 No ventricular premature beats 
were recorded, 04 gm was giv'en at 10 20 a m, 12 noon and 2pm At 

12 o’clock the rate had risen to 130 and there were numerous left ventricular 
premature beats At 2 45 impure flutter was present, with a ventricular rate 
of 170 At 4 45 there w'as impure flutter and coarse fibrillation, with a 
ventricular rate of 110 

Third Day The ventricular rate at 9 12 a m was 155, with occasional 
left V'entricular premature beats, 04 gm was giv'en at 10 a m and 12 noon 
There was no alteration in mechanism The patient complained of severe 
headache and of precordial pain On the following day digitan, 0 5 gm , was 
given at 11 30 a m and again at 12 30 p m Twenty-four hours latei the 
ventricular rate was 62 Electrocardiograms showed a finer fibrillation than 
had previously been noted at any time 

Cash 10— Female, aged 46 Diagnosis Chronic endocarditis (rheumatic), 
mitral stenosis and insufficiency, aortic insufficiency Known duration of fib- 
rillation, three weeks , duration of cardiac symptoms, four months The original 
mechanism was fine auricular fibrillation This patient received three courses 
of quinidin Pyior to the first course her heart had been brought fairly well 
under the influence of digitalis, the ventricular rate ranging from 78 to 100 
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Fii^t Com? Je— April 5 to 8 Three gm was given in four days 
First Day The ventricular rate at 9 45 was 90, 02 gm was given at 12 
i.nd 3 p m At 4 55 the ventricular rate was 110 and there were right ven- 
tricular premature beats 

Second Day 0 2 gm was given at 7 30 a m , 12 noon and 4 30 p m There 
was no noteworthy change in rate or mechanism 

Third Day 0 4 gm was given at 7 30 and 11 30 a m At 9 19 ventricular 
rate was 110 and the T wave m Lead I, which had previously been upright, 
was inverted, at 4 25, the rate was 120 

Fourth Day The ventricular rate at 9 08 a m was 100 , 04 gm was given 
at 10 35 a m, 12 30 and 2 45 p m There was a sharp rise m heart rate 
to 140 at 2 10 p m , with gradual fall after 4 p m to 84 the following morning 
The patient at this time was distinctly uncomfortable She was dyspneic, the 
liver was large and tender, there was epigastric discomfort, and there had been. 


Case 10 HospNo4349 



Fig 9 — Case 10 Simple tach)cardia induced by qumidin was followed by 
signs and symp^^oms of heart failure Digitalis afforded prompt relief 

during the ten days preceding, a gradual gam in weight Therefore during the 
next two days she was given a course of digitalis therapy with prompt dis- 
appearance of symptoms and improvement in sigrns The heart rate fell to 
about 70 and there was no pulse deficit Small doses of digitalis were con- 
tinued thereafter for sixteen days 

Second Cowse — ^April 27 to 29 On the seventeenth day after the first 
course was completed, the second course began, 16 gm was given during a 
three day period 

First Day The ventricular rate ranged from 60 to 70 , 02 gm was given 
at 12 25 and 2pm There was no noteworthy effect 

Second Day No quinidm was given 

The ventricular rate was 55 , 0 4 gm was given at 10 30 a m , 
2 30 and 4 30 p m At 4pm there were occasional right ventricular pre- 
mature beats At 6 p m the rate had risen to 132, but fell gradually during 
the night to its former level of 60 to 70 For three days no more quinidin 
>vas adm nistered 
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Thud Com sc — May 2 to 6 Four grams was given during a five day period, 
and at the same time the patient received 0 1 gm digitan each day 

First Day The ventricular rate was 54 The mechanism was fine fibrilla- 
tion as before, 04 gm was given at 10 a m, 12 noon and 2pm Once again 
there was a sharp rise in the ventricular rate to 132 at 4 p m , with gradual 
subsidence of the tachycardia and resumption of a rate of 50 the following 
morning 

Second Day No quinidin N\as given 

Third Day 0 2 gm was given at 10 a m, 12 noon and 2 and 4pm No 
significant effect in mechanism or rate ensued 

Fourth Day The ^entrlcular rate was 62, 02 gm was given at 10 30 
a m , 12 30, 2 30, 4 30 and 6 30 p m Again, there was no change in 
rate or mechanism The T wave in Lead I, which previously had been upright, 
was now iso-electric 

Fifth Day The ventricular rate w'as 62, 02 gm was given at 10 30 a m, 
12 30, 2 30, 4 30 and 6 30 p m As before this greater fractionation of 
dosage caused no effect on rate or mechanism 

C\SE II — Male, aged 55 Diagnosis Chronic myocarditis Known dura- 
tion of fibrillation, seven months, duration of cardiac symptoms, one and one- 
half jears The patient was well digitalized before beginning therapy He 
received two courses of quinidin His ventricular rate prior to quinidin admin- 
istration ranged from 66 to 75 The original mechanism was fine auricular fib- 
rillation with left ventriculai preponderance 

Fusi Course — June 1 to 3 3 2 gm was given in three days 
First Dav 0 2 gm was given at 1 40 and 3 40 p m There was no demon- 
strable effect 

Second Day 04 gm was giv'cn at 11 a m, 1 and 3 p m There was no 
significant effect 

Third Da> 0 4 gm was given at 10 a m 12 noon, 2 and 4pm There 
was a slight rise in the ventricular rate, from 80 to 108 at 6 p m No drug 
was given during the next tw'o da}s 

Second Course — ^Junc 6 to 10 6 8 gm w'as given in fiv^e days 
First Day 04 gm was given at 10 a m, 12 noon, 2 and 4pm There was 
a slight rise in ventricular rate, from 74 to 94 

Second Daj 04 gm was given at 10 a m, 12 noon, 2 and 4pm The 
ventricular rate rose from 82 at 9 50 a m to 105 at 3 p m, and there were a 
number of left ventricular premature beats At 4 30 p m, thirty minutes after 
the fourth dose, there were paroxvsms of left ventricular tachycardia in addi- 
tion to coarser fibnllatorj waves in the remainder of the electrocardiograms 
and a number of isolated left ventricular premature beats 

Third Day Paroxysms of ventricular tachycardia were not present in the 
morning The ventricular rate was 88, 0 4 gm was given at 9 30 and 11 30 
a m , 1 30 and 3 30 p m At 12 33, one hour and three minutes after the 
second dose, there were again paroxysms of left ventricular tachycardia with a 
rate of 100, and isolated left ventricular premature beats The same mechanism 
was again present at 4 30 p m with a rate of 92 

Fourth Day Paroxysms of tachycardia no longer were present There 
were occasional left ventricular premature beats The ventricular rate was 82, 
04 gm was given at 11 a m , 1, 3 and 5 p m There was a distinct rise in 
the ventricular rate, which at 8 p m was 128 Left ventricular premature 
beats persisted 

Fifth Day The ventricular rate was 104, 04 gm was given at 11 20 a m 
At 2 p m the ventricular rate was 118 and the patient was decidedly uncom- 
fortable He complained of palpitation, some precordial pain, heaviness of his 
head and of vague epigastric discomfort His temperature at this time rose 
to 101 F At 2 15, therefore, digitalis therapy was begun, with prompt reduQ- 
tion in rate to 69 the following day, with subsidence of fever and relief of 
symptoms 



A STUDY OF THE ERYTHROCYTE CURVE AT 
VARIOUS AGES AND ITS RELATIONSHIP 
TO HEMOGLOBIN CURVE 

LAURENCE HAMPSON MAYERS, AM, MD 

CHICAGO 

Numerous studies made on the blood of new-born infants have 
fairly well established the fact that the number of their erythrocytes per 
cubic millimeter is much higher than it is in the adult Furthermore, 
a review of the results of hemoglobin determinations in new-born infants 
shows a much higher hemoglobin content than is found in adult life 
The high hemoglobin content rapidly falls 

Williamson, in a spectrophotometric analysis of 919 cases, shows 
in his tables that the hemoglobin of the new-born infant averages 23 2 
gm hemoglobin per hundred c c of blood The hemoglobin falls rapidly 
and by the end of the second month the reading is 18 3 gm At the 
end of the fifth month it is 13 7 gm , and then remains practically 
constant during the next few months, falling to 12 5 gm at the end 
of the first year From this point up to the sixth year there is a steady 
ascent, when it approximates the height of adult life 

Several factors, singly or in combination, may be the cause of this 
fall, 1 e , a sufficient decrease in the number of corpuscles or a decrease 
in the hemoglobin or a combination of both phenomena For a study 
of the problem it was necessary to establish this variation in relation 
to color index of new-born infants and for the early days and months 
of their lives Periods conforming to the age periods of the hemoglobin 
curve were selected for comparison 

Burker’s Zeiss hemocytometer,^ an approved apparatus for the more 
accurate counting of erythrocytes than is possible by the Thoma-Zeiss 
apparatus, was used in all the counts The principles involved are 
somewhat different from those in force with the latter apparatus 
Hayem’s solution is used as the diluting fluid Toison’s solution is not 
satisfactory for use with the Burker counting chamber as its viscosity 
is too great The corpuscles settle rapidly in Hayem’s fluid as the 
specific gravity of the fluid is 1 015, whereas that of the erythroc 3 d;es 
IS 1 090 The Thoma-Zeiss capillary pipets were used The blood 
was thoroughly mixed with the diluting fluid within the mixing 
chamber by tapping the pipet against the finger for five minutes 

In the older counting chamber the floor of the chamber is circular 
and the counting is done m the center of this space The corpuscles 
are, .therefore, counted in the center of a capillary circular film, where, 
on aV^ount of surface tension, their number is slightly greater than 
elsewhl^e This source of error is avoided in the new counting cham- 

1 Bu^r- Pfluger’s Arch f d ges Physiol 107 426, 1905 
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Fig 1 — ^The solid black line indicates grams of hemoglobin per 100 cc of 
blood m persons ranging in age from one day to over 76 years The curved 
line shows the average erythrocjde count at different ages to show the relation- 
ship between the number of erythrocjtes and their hemoglobin content 
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ber, in which the floor is represented by the upper surface of a glass 
25 mm long and 5 mm wide, which is rounded off at both ends and 
divided into two portions by a groove 1 5 mm wide through the center 
At each side of the floor piece, separated from it by a groove, is a 
glass plate 7 5 mm x 21 mm , of such height that the space between 
the floor of the cell and the cover glass placed across the plates is 
0 100 mm A cover glass 23 mm long and 21 mm wide, with rounded, 
.polished edges, is used, so that the rounded edges of the floor project 
beyond it The chamber is provided with clamps to press the cover 
glass firmly on both plates The same pipets, counting chamber and 
cover glass were used in all this series of counts 

To determine the accuracy of my blood enumeration, I counted my 
own blood for five counts over a period of seven hours Eighty squares 
were counted The result of the counts and a computation of the 
average error by method of Gauss was as follows 


Let d equal the variation from the average 

Let Sd° equal the sum of the squares of the individual variations 
Let Fm equal the average error of the average value 
Let N equal the number of observations 


No of Count 

d a 

d= 

1 530 

"b 1 

1 

2 528 

— 1 

1 

3 531 

+ 2 

4 

4 529 

0 

0 

5 530 

+ 1 

1 

529 Average 

Sd" 7 

7 Sd= 

FM = ±- 

±-=1225 = 

±11 


n — 1 


^ A ^ 

As a further check to determine the variation of the blood from day 
to day, my blood was counted for seven consecutive mornings 


No of 
1 

Count 

504 

+ 7 

Sq of Difference 
from Average 
49 

2 

471 

— 26 

676 

3 

510 

+ 13 

169 

4 

503 

+ 6 

36 

5 

529 

+ 32 

1024 

6 

460 

— 37 

1369 

7 

501 

+ 4 

16 

Av 

497 

V'5^ = ±23 6 

6 1 3339 

556 


The average error — ± the f - - m which S D" is the sum of the square 

nf u SN~\ 

fhp nfimi! the individual counts from the average count and N = 

the number of counts Number of counts is seven 


Average error = it 



3339 

=±236 

6 
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Blood was obtained fiom the right great toe in each instance The 
toe was washed with alcohol and thoroughly dried A sharp cataract 
knife was used to get a free flowing drop, without pressuie The first 
drop was wiped away and blood for the counting seemed from the 
second drop The children chosen weie all apparently well nourished 
and healthy The cases were taken from the maternity wards of Cook 
County and St Luke’s Hospitals and from piivate cases 

It IS generally conceded that theie is a polycythemia at biith and 
that theie is an increase m the first twenty-foui horns There is much 
diversity of opinion as to the actual number found in a cubic millimeter 
of blood The average number of red blood coipuscles per cubic millim- 
eter based on the investigations of physiologists and pathologists, is 
5,742,000 led blood coipuscles pei cubic millimeter of blood The 
majority of the voikcis’ conclusions foi infants were based on com- 
paratively few cases Hayeni - and Sorensen cite one case each 
Buchot and Dubiisay “ show 4,300,000 as an average in six cases, 
Otto,‘ four cases avei aging 6,165,000, Schwinger,'’ 5,080,765 and 
Schifi’," 5,825,000 in single counts Fehisen" obseived foity cases — 
minimum 6,047,000, maximum 7,250,000 The majoiity of these 
observe! s used the dilution method and counted with a Thoma-Zeiss 
apparatus Fehrsen’s foity subjects were examined on the first and 
tenth da}s of life Only four subjects weie examined within the 
first two hours and nineteen weie examined between the tenth and 
twentieth hours, with an average of 5,898,000 Woino and Dransky ® 
observed twenty-nine cases Seven of these were not at full term and 
five were pathological Six counts weie made on babies before they 
began to bicathe His conclusions are in general similai to those of 
Hayem, Lepin and Schift, namely, the number of red cells per cm in 
the newborn is considerably higher than in adults and figures exceeding 
7,000,000 were often obtained He was unable to confiim the statement 
of Hayem and Lepin about the stiict dependence between the changes 
in the number of led cells and the weight of the infant This bears 
out my own conclusions, as I observed no relation between the number 
of red cells and the weight of the infant 

2 Hayem, Georges Du Sang et de ses alterations anatomiques. Pans, 
1889, pp 30 et seq , 189 

3 Bucliot and Dubnsay Gaz med de Par 168, 1878 

4 Olio, R Pfluger’s Arch f d ges Physiol 36 12, 27, 1885 

5 Schwinger, W Untersucliungcn uber den Hamoglobin Gehalt u d Zahl 
der rolhen und wcissen Blulkorpeichen, Pfluger’s Arch f d ges Physiol 72* 
299, 338, 1898 

6 Schiflf, E Ztschr f Ilcilk 11 17, 1890, ibid 10 , 1890 

7 Fehrsen, O M Hemoglobin and Corpuscular Content of the Blood of 
the Newborn, J Physiol 30 322, 1903 

8 Woino and Diansky Bcitiage 7ur Morphologic des Blutcs der Ncuge- 
borenen Disscitation, St Petcrsbuig, 1891 
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In my own series of forty-one cases, I found an average of 7,630,000 
Thirty-seven were taken at the time of delivery and four within two 
hours of delivery Ten cases were counted on the second, eighth and 
fourteenth days, with an average of 6,260,000 


10 cases 14th day Averaged S 790 

10 “ One year “ 5 850 (Boys and Girls) 

10 “ Two years “ 5 750 “ “ 

10 “ Five to ten years “ 5 210 “ “ 


The highest count was 9,610,000 and the lowest was 5,060,(X)0 
The findings are expressed graphically in Figure 1, which shows, in 
solid black, the number of grams of hemoglobin per hundred cc in 
persons ranging in age from 1 to 76 years , and in the curved line, the 
average erythrocyte count at the same ages In Figure 2, lines 1, 2 
and 3 represent the average, maximum and minimum red blood corpuscle 
count in a series of forty-one cases Lines A, B and C show the 
average, maximum and minimum of hemoglobin, represented by the 
number of grams of hemoglobin per hundred c c of blood 

The hemoglobin richness of the individual red corpuscles is known 
as its color index The amount of coloring matter, i e , hemoglobin, 
expressed in grams per hundred cubic centimeters, in normal blood, 
IS considered to represent 100 per cent The average normal red cell 
count, 1 e , 5,000,000 for males and 4,500,000 for females, is considered 
100 per cent The color index is determined by dividing the percentage 
of hemoglobin by the percentage of red cells In normal blood the color 
index IS 1 


It IS at once evident that four factors enter into each estimation of 
color index Two of them are constants and two of them are variables, 
which must be accurately determined in each case The constants are 
(a) The normal average number of red cells per cubic millimeter of 
blood, (b) the normal average number of grams of hemoglobin per 
hundred cubic centimeters of blood The variables are (c) The actual 
number of red blood corpuscles per cubic millimeter of blood, (d) the 
actual number of grams of hemoglobin per hundred cubic centimeters 
of blood in any case under consideration 

If the results of different observers are to be compared, the same 
standards for constants must be employed The averages that are 
recognized in the computation of color index in adults cannot be 


employed in determining the color index of children It is immediately 
manifest, when one consults the hemoglobin values as established by 
Wilhamsor’s table,® that the determination of color index in children 


is only possible when the proper number of grams of hemoglobin for 
the\^e of t he child is employed as 100 per cent Similarly, the average 

9 t^lhamson Arch Int Med 18 505 (Oct ) 1916 
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Fig 2 — Lines A, B and C indicate the average amount of hemoglobin, and 
the average amount for those ha^ ing more than tlie average and also for those 
haMng less than the average, for males ranging in age from 1 day to over 76 
years Lines 1, 2 and 3 show tlie average number of erthyrocytes and the 
a\erage number for those haMng more than the average and for those having 
less than the a\erage 
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number of red cells obtaining for that age must likewise be employed 
as representing 100 per cent In adult males the ordinary procedure of 
using 5,000,000 reds and 16 gm hemoglobin is so nearly constant that 
these figures may be considered normal and will not give appreciable 
variations The actual normal fluctuations in early life make the use 
of any average impossible 

CONCLUSIONS 

1 The red blood count m a series of forty-one infants, in thirty- 
seven of whom it was taken at time of delivery, averaged 7,630,000 

2 The blood count in children 1 and 2 years of age is somewhat 
higher than in the adult, this being in marked contrast to the great drop 
in hemoglobin which is shown in Williamson’s table 

3 Inasmuch as the curves of corpuscles and the hemoglobin do not 
lun parallel to each other, the question is raised as to whether the low 
hemoglobin values are to be regarded as strictly normal or whether 
it might be altered by a different plan of infant feeding 

4 The norm employed in determining the color index of adults does 
not apply in determining the color index of children under 10 years 
of age 



INTRAVITAM BONE MARROW STUDIES 
PRELIMINARY REPORT 

PART I 

DESCRIPTION OF A MARROW TREPHINE AND EXPERIMENTAL 

STUDIES 

LA.IRD M MORRIS, MD, and ERNEST H FALCONER, AID 

SAN TRANCISCO 

During the latter part of 1920 one of us (L M M ) devised a small 
drill carrjing an outer detachable casing, the purpose of which was to 
trephine long bones m order to secuie specimens of living bone marrow 
for histologic study The problems which were opened to approach by 
this new method of stud}^ were undertaken jointly in 1921 

To G Ghedmi ^ is conceded the credit of marrow puncture for 
diagnosis and prognosis In 1910 he elaboiated on this method of 
diagnosis in certain diseases of the blood and presented to the profession 
a most compiehensive article based on his experience and that of 
others regarding the importance of his procedure He concludes some 
facts of primary importance, namely, that disease of the hematopoietic 
sjstem can occui inthout changes in tlie blood and that theie are many 
^'a^atlons betw ecu bone marrow findings and those of the blood That 
furthermore, severe patholog} could be present for some time m the 
hematopoietic system without changes in the blood picture, eitlier pre- 
existing, accompanying, oi following, and that the frequency of such 
an OCCUI rence makes old statistics unreliable because of missed cases 
He advocates manov puncture as a useful piocedure 

Since this method was advocated, we have found leferences m some 
of the continental publications to bone mariow trephine as a method 
of diagnosis in certain atypical blood diseases, but the English and 
American literature is decidedly lacking m the realization of the impor- 
tance of this procedure We feel that oui experience with mariow 
puncture, although small, might aid m placing this method before the 
profession 

The pathologic conditions involving bone marrow and the diseases 
m which bone marrow punctures might supply information of value 
were considered carefully Should the method prove piactical, it might 
be used m (1) the various types of acute and chionic leukemias, (2) 
atypical leukemias, chloroma and pseudoleukemia, (3) pernicious 

"^From the Pathological Department and Aledical Clinic Universit}' of 
California Aledical School 

1 Ghcdini Wien klin Wchnsch 23 1840, 1910 



486 


ARCHIVES OF INTERNAL MEDICINE 


anemia, (4) aplastic anemia, unclassified anemias, anemias due to 
sepsis, toxic agents, and invasion of marrow by tumor formation , 
chronic hemolytic jaundice and osteosclerotic anemia, (5) polycythemia 
and (6) purpura and allied conditions 

With this field in mind, obviously the first step was to try out the 
feasibility of this procedure by animal experimentation For this, an 
instrument smaller but identical to the one described herein and driveif 
by a reciprocating hand drill was used 

DESCRIPTION OF MARROW TREPHINE 

The small trephine instrument as reproduced in the accompanying illustration 
IS drawn to scale and represents the type used on human beings for tibia puncture 
The drill proper, an ordinary steel drill (detempered), is embedded in a solid 
steel base, the diameter of which is identical with the standard base of an 
ordinary dental drill The casing B bored from a solid steel tube of the same 



Bone marrow trephine A — Drill B — Casing 


diameter is of slightly shorter length than the naked drill proper and fits it 
snugly The proximal circumference is longitudinally cut and fits identically 
into opposite grooves cut in the distal circumference of the base, into which 
the drill proper is set The distal circumference of the casing is toothed and 
sharpened and cuts simultaneously, the drill proper preceding the casing about 

one-eighth of an inch The bone dust is forced up the grooved drill inside the 
casing 

Technic Both the drill proper and the casing pierce the cortex of the bone 
Md enter the marrow cavity The drill is then removed, leaving the casing in 
the marrow cavity and protecting the same from blood or other cellular tissue 
n t IS way it is possible to obtain an uncontaminated marrow specimen A 
umbar punctare needle with approximately a third of the diameter longitudi- 
y grooved has been used to ream the marrow confined within the lower 
portion of the casing as it rests in the marrow cavity The drill is driven by 
engine, the puncture being readily accomplished by high speed and 
^ \ incision about 1 cm in length precedes the application 
of t e drill to the Nbone (tibia) The entire operation is performed under local 
anesthesia Silk is^used to close the skin wound 
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Wq. endeavored to prove two points First, that living rabbits sub- 
jected to bone marrow punctuie will show no untoward effects from 
such an operation Second, that marrow specimens scooped through 
the casing limiting the trephine opening will by histologic study reveal 
the true physiologic oi pathologic condition of the marrow (This 
attempt is obviously limited to the cytology only ) 

Fiom a senes of six healthy rabbits, the blood pictures of which 
totaled within normal limits for red and white blood cells and differen- 
tial counts," femui piinctuies weie made undei aseptic conditions and 
the maiiov smears studied histologically 

Technic foi Maiiozv Sincats and Cultiucs — The marrow specimen 
remo\ed fiom the casing is small m amount and dries quickly when 
exposed to the an To insure against cellulai distortion we smear the 
marrow specimen immediately after its withdrawal upon steiile cover 
s ijis , float face downward in methyl alcohol for fixation and stain by 
j\Ia} -Grunwald-Giemsa and Wright’s methods For section compari- 
son Wolbach’s modification of the Giemsa method or a combination of 
Ma3-Grunwald and Giesma stains was used after the fixed marrow 
(two parts saturated mercuric chlorid solution and one part absolute 
alcohol) had been run down to water and immersed m methyl alcohol 
For cultural work we attempted aspnation of the marrow by a Luer 
syringe with a nonbeveled needle Difficulty was always encountered in 
aspiration , usuall) the specimen contained much blood and little 
marrow Such specimens may be used for marrow cultures in bacteri- 
ologic work but are decidedly unfit for histologic study Thus far we 
Iia\e used the more common culture mediums m our attempts to grow 
organisms from such preparations 

The puncture wounds healed without infection m about two weeks 
The animals were then killed by ether inhalation Superficial examina- 
tion at the site of the small tiephme opening showed healing of 
advancing degrees In no case was the pathologic pictuie at the 
trephine site of any marked importance as noted by the unaided eye 
In a single case the wound (superficial) was infected, but the bone and 
mai row cavity Avas unmvolved 

In all cases the marrow was fixed and studied in section and com- 
pared Avith the smears obtained during life The smears lesembled the 
mariow sections as to cell type and content Allowance, however, was 
made m smeai preparations for mature red blood cells present, which 
are constant and vary according to the number of ruptured sinuses pro- ' 
duced by tiauma in obtaining the marrow 


2 There is much normal variation in rabbit’s blood 
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Bunting’s ^ experiments on rabbits poisoned with saponin were 
repeated, in part, with successful blood pictures of blastic crises Such 
a series of expeiiments gave opportunity to study erythrogenic activity 
m both megaloblastic and normoblastic phases Both marrow smears 
and subsequent sections showed a piofound action of the poison on the 
erythroblastic tissues The activity of the red cell elements was more 
marked the longei the animal was kept under the influence of nonlethaL 
doses of the marrow toxin In all cases an experimental anemia was 
produced, giving pictures of blastic crises whenever saponin was 
injected intravenously 

Fol'owing these experiments, we undertook others designed for more 
careful study of red blood cell activity Selling’s ■* work on rabbits with 
benzol was reproduced, in part When a leukopenia of from two to 
three thousand pei c mm is pioduced, then injections of saponin bring 
forth blastic activity in the blood interpreted as a profound toxic action 
on the marrow The regenerative activity approaches a purer type of 
small and large premature red blood cell elements, the leukoblastic cells 
being held largely in abeyance by the toxic action of benzol It was felt 
that by so doing a histopathologic marrow picture simulating pi unary 
anemia might be approached more closely 

In our study of the white blood cell elements we produced continued 
leukocytosis over varying peiiods of time by making subcutaneous 
abscesses (turpentine) or infection of the peritoneum In one rabbit 
small injections of staphylococcus were given intravenously daily In 
some animals we were successful in producing a faiily marked (from 
14,000 to 15,000) leukcocytosis foi a week or more 

Our interpietation of the marrow smears and sections led us to 
believe that the leukopoietic elements were in predominance, certainly 
in marked contrast to the experiments with saponin The marrow 
smears and sections checked well None of the animals showed 
untoward results, although one rabbit was subjected to puncture four 
times at two-day inteivals for study of the developmental myelocytoses 
One animal sustained a spontaneous fracture of the femur in this 
series “ 

Such preliminary work gave opportunity to study both white and 
red blood cell activity in the bone marrow by study of smears obtained 

3 Bunting J Exper M 6 624, 1906 

4 Selling Beitr z path Anat u z allg Path 51 576, 1911 

\ e atteinpted no work on fowl leukemia It was felt that such a condition 
migit ue be diagnosed from a marrow puncture, realizing in the pathology oE 
the di^ase a marked myeloid hyperplasia in the bone marrow® 

^"ermann Verhandl d Deutsch Path Gesellsch 12 224, 1908 Eller- 
mann ^ Ztschr f Hjg u Infectionskr 63 231, 1909 Schmeisser J,. 

Exper M 22 820, 1915 
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from the same and to check such iJiepaiations against miciolome sec- 
tions of the same maiiow m the same phase of white oi led celled 
hypei plasia 

These piehminaiy expenmental studies lead dnectly to the field of 
maiiow pathology m the human, moie paiticulaily cellulai activity in 
the long bones 

CONCLUSIONS 

1 An instillment lias been devised foi peifoiating the coitex of the 
long bones in animals and human beings to obtain specimens of living 
maiiow for histological study 

2 \Ve have demonstiated on .inimals that the method is feasible 
and safe 

3 We feel that the specimens of mairow obtained by this method 
aie satisfactory foi » micioscojnc study, but occasional dilution with 
lilood makes the specimen difficult to mteipiet The smears from the 
marrow checked uji wnth jiostmoitem prepai .itions fixed and sectioned 
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PART II 

SURVEY OF THE CLINICAL FIELD 
LAIRD M MORRIS, MD, and ERNEST H FALCONER, MD 

SAN FRANCISCO 

In Part 1 we demonstrated that bone marrow puncture m animals 
IS a comparatively simple and harmless procedure and that it is a feasi- 
ble and practical method of studying (m rabbits) both normal and 
pathologic bone marrows, yielding nearly as much information as 
fixation and sectioning of marrow obtained postmortem Before pro- 
ceeding to the clinical application of this method, on the patient, it 
became necessary to satisfy ourselves regarding certain questions that 
were uppermost m our minds during the experimental work 

1 Can the punctme be accomplished without pain and discomfoit 
to the patient and is it safe ^ — ^After trying it out several times on 
cadavers, we became convinced that the cortex of the tibia could be 
pierced easily and quickly We felt that it would be a simple matter to 
anesthetize the skin and periosteum so that the procedure would be 
practically painless The question of safety will be dealt with later but, 
of course, the final answer can only be given after the method has been 
tried in a large series of cases 

2 Can enough accmate data be obtained by this method to offset a 
ceitain amount of unavoidable discomfoit to the patient and zuhat zvill 
the patient benefit by this method of study ^ — In order to answer the 
first part of this question, it was necessary to peruse the literature on 
the anemias and the leukemias to ascertain whether previous investi- 
gators had felt a need for this procedure m the course of their studies 
and, above all, to find reported cases in which we felt that this method 
would have supplied the data necessary to make a diagnosis during life 
Several of these reported cases are included in this communication We 
believe that m certain types of cases it is necessary to know what is 
taking place in the marrow in order to arrive at a correct diagnosis 
Regarding the possible benefit to the patient, it must be acknowledged 
that in the majority of cases it will not afitect the final issue Yet it must 
be conceded that it is only by accurate study and recognition of bone 
marrow pathology during life that we can hope to arrive at means for 
influencing such pathology 

* From the Pathological Department and Medical Clinic, University of Cali- 
fornia Medical School 
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examination has failed to reveal changes in the bone marrow is correct 
m the majority of cases, although the accumulation of carefully studied 
material since that date is large 

Walz, Pappenheim and Bradenburg through their investigations arrived at 
similar conclusions, namely, that the bone marrov^r m every case of leukemia is the 
primary seat of the disease and the origin of the cells which give the character- 
istic microscopic appearance to the blood and that the other organs are only 
secondarily involved m the general hyperplasia of the lymphadenoid tissue which 
occurs ° 

According to Neumann all cases of leukemia can be differentiated 
by the evidence in the bone marrow Naegeh, Ziegler, Sternberg ^ and 
others take exception to this Naegeh, contrary to the belief of Pappen- 
heim, is not of the opinion that the origin of all lymph cells is from the 
bone marrow, especially in those cases showing large lymphatic tumors 
peripherally and only islands of lymphatic tissue in the bone mairow 

Cases of leukosarcoma ■* fall under this category While the mar- 
row in many cases is infiltrated with lymphatic ( ^) cells giving a 
negative oxydase reaction , nevertheless, the intense hyperplasia as noted 
in the bone marrow m leukemia is not described Herxheimer ^ believes 
that leukosarcoma is onlj- a stage of lymphatic leukemia , Paltauf 
believes the evidence against, while Sternberg adheres to the origin of 
the tumor masses as being neoplastic in nature and considers the blood 
picture as an invasion of tumor cells distinct from lymphocytes 
Webster,® in a review of twenty-six cases, arrives at the conclusion that 
the disease is not neoplastic in nature but a direct response on the part 
of the lymphocytes to a chemotactic influence exerted by the disease 
causing agent, and the infiltration of lymphocytes m the bone marrow 
IS comparable to similar cell accumulations elsewhere m the body 

On the other hand, there are cases of lymphatic leukemia which run 
their course without clinical or pathological evidence of mvoh'^ement of 
lymph glands oi other lymphoid tissue Such a case is reported by 
Reed ^ and later discussed by Ehrlich The Ivmphoid tissue throughout 
the body was unaffected but the bone marrow was practically entirely 
composed of lymphocytes Ehrlich expiessed his opinion that such 
a leukemia might originate from any substratum of lymphoid tissue, 
such as that in the skin, m the intestinal wall, or m the bone marrow 

Similarly Domarus has described a certain type which has been 
designated medullary lymphadenoid aleukemia in which the bone 

3 Reed Am J M Sc 124 653, 1902 

4 gernberg Eeitr z Path Anat u z allg Path 61 77, 1916 

^ Muench med Wchnschr 60 2506, 1913 

6 Webger Johns Hopkins Hosp Bull 31 458, 1920 

/ MacCullum A Textbook of Pathology, Ed 2 W B Saunders, Philadel- 
phia, p 835 
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Variations of such marked degree may lead to differences of opinion 
regarding diagnosis Furthermore, the qualitative blood findings may 
occasionally fail This is of decided prognostic importance in dealing 
with cases of leukopenic leukemia and aplastic anemia One such case 
will be reported later In such variable cases a bone marrow puncture 
offers opportunity for making a diagnosis A conclusion based on the 
pathology of the disease is our most accurate means of diagnosis at the 
present time, and the cellular content of the long bone marrow is the 
most constant single pathologic index of either type of leukemia and in 
any phase of this disease 

Atypical Cases of Leukemia — In a few cases reviewed from the 
literature a marrow puncture would have been of decided advantage in 
arriving at a coriect conclusion premortem Our experience with such 
cases IS small, only two having come under our observation for bone 
marrow puncture 

E\vald“ reports the case of a male, aged 37, with six weeks of illness, 
intense anemia, large spleen, no glandular enlargement Blood findings hemo- 
globin 28 per cent , red blood cells 740,000, white blood cells 800, differential 
count neutrophils, 71 per cent , large lymphocytes, 2 per cent , small lympho- 
cytes, 21 per cent , myelocytes, 3 per cent, transitionals, 3 per cent Necropsy 
Typical picture of leukemia with characteristic changes in the marrow and 
organs Marrow smears contained large numbers of typical myelocytes, 
occasional lymphocyte and occasional nucleated red cell 

Beltz” (Case 4) Female, aged 30 Remained in hospital five months until 
death On admission red blood cells^ 2,270,000 . white cells, 2,500 A later 
count showed red cells, 1,440,000, white cells, 2 500, the differential count 
neutrophils, 10 per cent , large lymphocytes, 11 per cent , small lymphocytes, 
36 per cent, large mononuclear cells, 10 per cent, myelocytes, none, premature 
large mononuclears, 34 per cent Terminally white cells 101,800, with 78 per 
cent premature large mononuclear cells Necropsy Long bone marrow brown- 
ish red Microscopically, the most numerous cells were myeloblasts Findings 
typical of myeloid leukemia 

Sternberg’" (Case 1) Female, aged 20 Ten days after vaccination com- 
pained of fever, stomatitis and hemorrhages Examination showed a large 
spleen and normal liver Blood count red cells, 1,950,000, white cells, 3,400, 
differential count neutrophils, 12 per cent , lymphocytes, 87 per cent , manv 
normoblasts Blood culture short chained streptococcus Necropsy femur 
marrow firm and reddish color , smear showed occasional streptococcus, many 
large lymphocytes and a few small nongranular cells with negative oxydase 
reaction A few retroperitoneal lymph glands were enlarged and others on 
the right-side of the neck Diagnosis Lymphatic leukemia 

Beltz ’ (Case 9) (Reference is made to this case to show the fallacy of 
absolute reliance on a bone marrow puncture ) Female, aged 43, died five days 
after admission to the hospital Admission blood count red cells, 1,440,000, 
white cells, 12 150, 72 per cent of which were lymphocytes Two days later 
red cells, 1,370,000, white cells, 7,600 Terminally, the whites rose to 27,400 
Necropsi Patches of red cellular marrow in the fatty marrow of the long 
bones histologic picture that of myeloid leukemia but definite lymphoid follicles 

13 Ewald Berl klm Wchnschr 43 870, 1906 

14 Beltz Dcutsch Arch f klin Med 113 116, 1913 

lo Sternberg Wien klm Wchnschr 26 553 (June) 1920 
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13 Euald Berl klin Wchnschr 43 870, 1906 
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noted in addition It is easily conceivable that a marrow puncture in this case 
ma\ ha\e led to incorrect conclusions, depending on whether myeloid, lymphoid 
or fattj marrow was removed 

The conveise of this case, l3anphatic aleukemia with stimulation and 
hlood stieam invasion of myelocytes, makes a differential diagnosis 
impossible (Hiischfeld A marrow punctuie in such an instance 
might lead one astray if such a specimen was isolated from myeloblastic 
islands 

One might argue m the same manner regarding cases of so-called 
leukanemia Following Pappenheim, the lymphatic or myelogenous 



Fig 1 — Smear of bone marrow fiom a case of myeloid leukemia Patient, 
aged 12 \ears Specimen diluted with pltysiologic solution of sodium chlorid 
Shows eosinophilic mjclocytes and mitotic cells of the white cell series This 
patient presented a leukemic blood picture 

overgrowth m the bone manow is always primary and the megaloblastic 
and normoblastic activit) aie explained by the leukopoietic infiltration 
and ciotvdmg out of the led cell elements the remainder of which 
undergo a compensatoiy hypei plasm 

One of the fiist of such cases was desciibed by Leube and Arneth 
(quoted from Moiawitz^”) 

Afale, severe anemia, died during third week Blood normoblasts and 
megaloblasts and a slight increase in the leukocytes, 13 per cent of which were 
myeloc 3 "tes and a few polymorphonuclear cells without granulation Necropsy 
Mveloid metaplasia of the marrow liver showed no evidences of siderosis 

These few more oi less exceptional cases are refeiied to for com- 
pleteness Such cases only exceptionally alter the textbook picture of 


16 Morawitz Dcutsch Arch f klin Med 88 493, 1906 
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leukemic long bone marrow which is no longer fatty but firm, opaque, 
yellow gray, pinkish gray or reddish and homogeneous (Figs 1 and 6) 
The hyperplasia is constant m the long bones in both the lymphoid 
and myeloid type, but we noted less hyperplasia m some cases in the 
marrow of the tibia as compared with the femur In the acute leukemias 
there is practically always a very marked increase of cells in the long 
bone marrow but not as constant as in the chronic forms In a few 
cases only part of the long bone marrow may show infiltration 
(Naegeh ^°) These cases are classed as exceptional 



APLASTIC ANEMIAS 

The experimental work of Blumenthal and Morawitz (quoted by 
Kleinschmidt m regard to aplastic anemias is of interest They 
found that in dogs and rabbits repeated blood lettings brought about a 
disappearance of the erythroblastic and myeloid tissues with abundant 
increase of the lymphoid elements, that is, changes in the bone marrow 
V hich have close connection with those of aplastic anemia in man The 


17 Kleinschmidt Jahrb f Kinderh 81 1, 1915 
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increase of the lymphoid elements is of paramount importance and 
their relatue increase in a leukopenic blood brings the question of a 
leukopenic leukemia into the difterential diagnosis On clinical grounds 
one cannot distinguish all such cases from leukemia We quote three 
cases, one of Hirschfeld/^ one of Engel and Llpo^\sk^ and a third of 
Jagie and Schiffner It is felt that with such patholog}' a bone marrow 
puncture v. ould ha-se been of marked importance in ruling out leuko- 
penic leukemia 



Fig 3 — Mjeloici leukemia Section taken from bone marrow of femur 


Female, aged 28 Shortlj after labor de\ eloped progressne anemia with a 
hemorrhagic diathesis Disease progressed for four months Twehe dajs 
before death blood count showed red cells, 1,200,000, white cells, 3,600, 72 per 
cent of which were Ijmphocjtes, no normoblasts or megaloblasts Necropsj 
Se\ ere anemia , femur marrow' fattj throughout Ribs — red liquid material 
showing almost pure Ijmphocjtes, rarelj a nucleated red 

Patient entered hospital with hemorrhagic diathesis Blood count red blood 
cells, 2,000,000, hemogloblin, 18 per cent, no nucleated reds and leukopenia, 90 


18 Hirschfeld Berl khn Wchnschr 43 545, 1906 
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per cent of white cells were lymphocytes Death occurred on the eighth day 
SL admission Necropsy Yellow forty marrow in the long bones Eibs 
showed many bacteria and were of dirty grayish color . , 

Female, aged 18 Her illness dated three weeks previously On entering 
hospital bleeding, pallor and enlarged spleen Blood count red cells, 2 000 000 , 
white cells, 10,000, 90 per cent of which were lymphocytes Shortly before death 
red cells, 650,000, white cells, 2,400, hemoglobin, 12 per cent, differential 
count 74 per cent lymphocytes Necropsy No evidences noted of 
lymphomatosis 


A somewhat similar case of anemia of the aplastic type was one seen 
by Dr L Porter at the Children’s Hospital in San Francisco Through 
his kindness we punctured the marrow of the tibia and were able to 
arrive at a correct diagnosis A synopsis of the case is as follows 



Fig 4 — Section of bone marrow from femur from a case of sepsis with purpura 

Case 1 — R J , male, aged 4 years 

Faintly Histoiy — No hemophilia, mother’s sister insane 

Past Histoiy — Full term, 6^2 pounds birth weight, normal delivery Influ- 
enza two years ago 

Present Illness — Child was well until a month ago when he developed fever 
during the night Was confined to bed for two days and tired and drowsy after- 
ward Seventeen days ago again had fever during the night, subsequently 
progressively got paler Three days ago had a large hemorrhage from the nose 
which could not be stopped without packing 

Physical Evaininatwn — Well grown, markedly pale mucous membranes, 
nares bloody , swollen lips , cervical adenopathy , tonsils small , no stomatitis 
Heart and lungs negative, save for a few rales at the bases Spleen two fingers 
breadth below left costal margin, liver not enlarged Skin No ecchymoses 
noted Blood count Hemoglobin, 32 per cent , red cells, 1,790,000, white cells, 
850, differential count 1 per cent neutrophils, 97 per cent lymphocytes, 2 per 
cent large mononuclear cells, marked anisocytosis , poikilocytosis , achromia, 
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platelets reduced , no nucleated reds , many microcytes The admission tem- 
perature was 40 C Remained elevated for five days and dropped by lysis All 
other tests were negative Marrow' puncture on the third day showed an abso- 
lutely fatty marrow' devoid of marrow cells No myeloid cells were seen m any 
of the smears A few' lymphocytes, identical to the type as found in the blood 
and giMiig a negative oxydase reaction, were noted in conjunction w'lth normal 
red blood cells No blasts or giant cells seen (For comparison see Figure 6, 
leukopenic leukemia ) 

This marrow' picture readily ruled out leukemia and was so decidely aplastic 
as compared to the long bone marrow m a normal child that a tentative diag- 
nosis of aplastic anemia w'as made Cultures from the bone marrow remained 
sterile Transfusion of citrated blood and iron w'as the onlv means of therapy 
The hemorrhages w’cre arrested, the change m blood count w'as remarkable 



Fig 5 — Bone marrow' from tibia of a case of pernicious anemia The out- 
lined red blood cells are a constant and unavoidable part of such a postvital 
preparation Note the dividing cells of the red cell series 


and the child left the hospital three w'eeks after admission w'lth much regained 
strength and a blood count as follow'S Hemoglobin, 65 per cent , white cells, 
5,300 , neutrophils, 55 per cent , lymphocytes, 35 per cent , and 10 per cent 
reticulated red cells A later count, a month after discharge, show'ed hemo- 
globin, 62 per cent , red cells, 3,790,000, white cells, 11,500, color index, 0 81, 
polymorphnuclear neutrophils, 60 per cent , eosinophils, 1 per cent , large 
lymphocytes, none, small lymphocytes, 28 per cent , large mononuclears, 6 per 
cent , myelocytes, 5 per cent Both macrocytes and microcytes present w'lth 
moderate poikilocytosis Reticulated reds, about 3 per cent The child con- 
tinued to improve temporarily, relapsed and died m the second month of its 
illness No postmortem was done 





500 


ARCHIVES OF INTERNAL MEDICINE 


ETIOLOGY OF THE LEUKEMIAS 

Before concluding this brief lesume on the subject of leukemias, 
the etiology of the disease might well be considered Briefly stated, 
tumor formation (Banti) or an abnormal response of the myeloid or 
lymphoid tissue to recent or latent infections are points much discussed 
Advocates of an infectious etiology include such men as Hertz, Pappen- 
heim, Pawlowsky, A Fraenkel, Ziegler, Jockman, Wilbur and 


Sternberg 



Fig 6 — Bone marrow smear taken from tibia in a case of myeloid leukemia 
M 3 eloblasts, myelocytes, nucleated red cells and undifferentiated cells (stem 
cells) are seen This patient presented a leukopenic blood picture and the diag- 
nosis was made from the marrow smear The patient was 9 jmars of age 

That the clinical picture of acute leukemia with temperature eleva- 
tion, stomatitis, purpura, hemorrhage, anemia and glandular and splenic 
enlargement constitutes a group which parallels certain of the severe 
septic states is not doubted Furtheimore, the termination of many of 
the chronic forms of leukemia may present a similar picture To such 
an extent is this true that very recently Sternberg stated as his belief 
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that acute leukemias do not exist as an entit} but are all on a chronic 
basis It IS thus important, follow mg Naegeh, to know wdiether or not 
the blood count w^as normal pre^ lous to an acute leukemia 

\'arious t\pes of organisms have been described as occurimg m the 
blood or tissues, the seat of leukemic changes In a far greater propor- 
tion of cases no etiolog\ is forthcoming Sternberg/'’ after isolating a 
diplostreptococcus from some of his cases, was unable to pioduce 
leukemic patholog} in rabbits (He likewise failed with staph) lococcus 
and pneumococcus ) Pappenheim Naegeh and Hirschfeld emphasize 
the fact that the blood pictuies m some cases of general bacterial infec- 
tion are identical with those of acute imeloid leukemia, the onl)' 
difterence being the issue These changes probabh represent a biologic 
reaction of the hemopoietic s)stem to \arious nonspecific, generally 
septic infections which, as a rule, call forth a leukoc) tosis, under certain 
circumstances, howe^er, a myelocytosis 

Cases reported by Cabot,-’’ Jackson and Smith, Tuik and Ludke 
(quoted b) Sternberg^'’) are quoted as infectious states presenting 
leukemic blood pictures with reco\er\ E\en mechanical irritation of 
the hone marrow (multiple fractures of leg — Simon--) has given rise 
to a leukemic blood picture Other cases of infectious disease with 
man) premature white cells m the blood, but death occurring from the 
disease per se are noted (Ste\ens-'') We ha^e recently seen a child 
of 12 with a well ad\anced empyema of the left chest cavit) (strepto- 
coccus) and 48 per cent m)eloc)tes in the blood smear 

After se\ere infections which normall) call forth a high leukocytosis 
(pneumonia for example) it is not uncommon after the crises to find 
from 4 to 5 per cent m)eloc)tes in the blood In children this is more 
common and in infants under 1 )ear, according to Rotch and Morse, 
the presence of m)eloc)tes in sick children is without significance His- 
tologically one finds at this age the long hone marrow richer in cellular 
content than the sparsely cellular fatt) long bone marrow of the adult, 
the mairow of the ribs in older indniduals giving origin to practically 
nil the red and white cells (Fig 2) 

Wherein lies the difterence in the fatal prognosis of the leukemias 
and the questionable outcome of septic states with leukemic blood pic- 
tures’ Is it because in leukemia the marrow prohfeiation is due to a 
disturbance of the mechanism go^ernlng cell production rather than a 
response to chemiotaxis m the ordinary sensed In this connection it is 

19 Sternberg Wien khn Wchnschr 24 1623, 1911 

20 Cabot Osier and kIcCrae Modern Medicine, 4 676 

21 Jackson and Smith Boston M & S J 172 136, 1915 

22 Simon Am T kl Sc 132 144, 1906 

23 Ste\ens Lancet 2 791, 1902 

24 Rotch and klorse Boston M Jc S J 152 729, 1905 
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not sn uncommon clmicfll obscrv&tion to observe m pstients with mye- 
loid leukemia suffering with intercurrent infections, an aleukemic or 
subleukemic blood picture and diminution m the size of the spleen We 
recently observed a patient with myeloid leukemia suffering from 
pneumonia with a blood count comparable in all respects with the leuko- 
cytosis of the disease and with a relative diminution m the size of the 
spleen to the extent that during observation of the pneumococcus infec- 
tion leukemia was not suspected by the attending physician During the 
postconvalescent stage, however, the blood picture again became leuke- 
mic and the spleen increased markedly m size 

The pathologic differentiation betiveen bone marrow hyperplasia in 
continued septic states and that of myeloid leukemia is at times ditficiilt 
The most outstanding feature is the degree of hyperplasia of the 
marrow^ {Figs 3 and 4) 

“Only by further bactenologic and perhaps protozoologic studies of 
the blood, bone marrow, spleen and lymph glands of such patients and 
by animal inoculation from the tissues involved including bone marrow 
trephined from the living bone can we clarify the problem ” Following 
Wilbur’s quoted suggestion regarding the etiology of acute leukemia, 
marrow cultures were taken from two persons trephined during life and 
the material subjected to the ordinary cultural methods Each failed 
to show any bactenologic growth Ihis evidence is decidedly incon- 
clusive , the w^ork is to continue wdien opportunity presents 

We are well aware of the ivork of Ward and his arguments and 
conclusions against the infectious origin of the leukemias At present 
we offer nothing in refutation 

In conclusion, we must leave the field of leukemias as reviewed We 
have drawn from the literature certain atypical cases, the diagnoses of 
which might have been made more certain by marrow puncture Such 
a series must of necessity be grouped from reports, as individual expe- 
rience in a single clinic does not cover such a field 

PRIMARY ANEMIA, SnCONDAR\ ANEMIA, POLYCYTHEMIA 

The question of the value of “intravitam” bone marrow studies in 
pernicious anemia was approached with a conservative state of mind, 
as we felt that such studies would throw no light on the etiology of the 
disease We assume bone marrow changes, in pernicious anemia, as 
being secondary to the causal factor or factors, but we believe it is 
important in both diagnosis and prognosis to determine what is taking 
place in the bone marrow Such study will improve our diagnostic 
criteria and serve to separate, at an earlier period, those anemias with 


25 Wilbur J A M A 65 1255 (Oct 91 1915 

26 Ward Bnt J Child Dis 14 lO? 1917 
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a clinical picture of pernicious anemia but due to sepsis, syphilis, 
malaria, lecurient hemorrhages, caicmoma of the stomach, caicinoma 
and sarcoma involving hone maiiow, anemias due to intestinal 
pai asites, etc , etc 

That the need of such studies is felt may be inferied fiom the state- 
ment by Minot “The pathology of the bone marrow has not been 
studied as one might wish Future studies may decide whether or not 
theie IS any absolutel}’’ distinctive featuie of it that is associated only 
with pel nicious anemia ” 

The phase of this disease in which bone mairow studies will proba- 
bly be of most value is prognosis Our prognostic ciiteria at present 
aie dependent largely on blood studies, it being assumed that at any 
given period the pathologic elements in the peripheral circulation are 
an index of what is occurimg in the bone marrow Experimental work 
in animals, in part, beais this out, notably tbe woik of Bunting,"® who, 
by injecting riciii into labbits, was able to repioduce the marrow pictuie 
of pernicious anemia The following quotation elucidates this point 

Applying these conclusions to pernicious anemia, it seems possible that an 
analagous (to ricm) tovin ma}’ be present destroying led cells both in the 
circulation and in the marrow so that in the reaction nucleated red cells are 
used to supply the deficiency — that further action of the toxin reduces the 
erjthrogenetic groups more or less to the megaloblastic centers, diminishing 
greatly the regenerating power of the marrow' and resulting in a discharge of 
megaloblastic cells in the hastv effort to supply the needs of the circulation 
Thus the regular orderly development of the groups of the marrow cells is 
interfered with and a short cut is taken from the megaloblast to the macrocyte, 
an imperfect immature cell, as show'ii bj' its polychromatophilia and granular 
basophilia In this light it is not difficult to see w'hy cases of pernicious anemia 
with few normoblasts and more megaloblasts in the circulation are of graver 
prognosis than those w'lth a large number of normoblasts and few megaloblasts, 
and, again, if one regards the presence of nucleated cells in the circulation as 
evidence of injury to the bone marrow', one has an explanation for the “nucleated 
red cells crises” of pernicious anemia and leukemia in which the blood picture 
resembles much that is show'ii in ricin intoxication 

These observations and deductions seem to Bunting to offei “a not 
unsatisfactory explanation of the so-called i eversion of the mariow to 
the embryonic type in pernicious anemia ” 

It has been well established that at times, and in ceitam stages of 
the disease, critical blood studies give fairly satisfactory information 
as to what is occurimg m the bone marrow Our marrow punctures m 
pernicious anemia, up to date, have not yielded much information m 
addition to that gained from a caieful study of the history of the case 
and caieful blood studies This was due, in great part, to the type of 
case selected We have performed manow puncture in five cases of 


27 Minot Oxford Medicine 2, 1920 
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pernicious anemia In one case three punctures were made, m another 
case two punctures were made, making eight punctures m all Three 
of these cases showed a red marrow with few cells and no signs of 
division These three cases were of long standing and had been m a 
state of relapse for several months Two patients survived the last 
puncture only about six weeks , one lived for about three months after 
examination of the marrow One case presented a pinkish grey mar- 
row, with a moderate amount of cellular activity and very few 
megaloblasts Subsequent study and observation of the case cast some 
doubt on the accuracy of the diagnosis of pernicious anemia These 
three cases with inactive marrows would seem to belong to the class of 
case termed by Minot and Lee the myelotoxic type This type of 
case IS undoubtedly the least promising for bone marrow study 

In the earlier types of cases if the ratio between blood destruction 
and cell regeneration can be estimated a fairly definite prognosis can be 
made Various methods have been devised to estimate hemolysis or blood 
destruction Bone marrow studies will give a fairly accurate conception 
of the phase of regeneration One of our patients, a male, aged 40, a 
laborer, belonged to the earlier type of case He had had two very 
satisfactory remissions in two and one-half years since the onset of his 
illness During these remissions he was able to earn his livelihood by 
manual labor During the two weeks in hospital before we saw him he 
had an intermittent temperature, from one to two degrees above normal 
He had urobilin in the urine and showed signs of hemolysis His red 
cells numbered less than two million with a high color index and the 
blood smears showed a moderate number of regenerative forms The 
marrow smears showed a red marrow with abundant signs of cellular 
activity In Figure 5 some of these cells are shown We felt that this 
man would have a satisfactory remission He left the hospital in about 
three weeks very much improved We believe that in this case the 
marrow gave somewhat more accurate information than blood studies 
had furnished 

In certain atypical cases, marrow studies will probably be of con- 
siderable practical importance For example, Ellermann has been 
impressed in his studies on the histology of pernicious anemia by the 
presence in certain cases of considerable numbers of myelocytes in the 
marrow and in the liver and spleen He mentions myelocytes as being 
plentiful m the marrow in every instance m his series of twelve cases 
studied postmortem Minot mentions the fact that there are cases 
in which a great outpouring of immature white cells and blasts occurs, 
the white count in some cases reaching as high as 50,000, causing an 
incorrect diagnosis of leukemia to be made 

29 Minot and Lee Boston M & S J 177 761, 1917 

30 Ellermann Acta Med Scandinavica 53 718, 1919 
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The whole picture is much more sharply defined m these cases if 
one knows what is occurring in the bone marrow 

There are other hemolytic and septic anemias in which bone marrow 
studies may yield information of practical value We have studied the 
marrow postmortem m a case of sepsis with severe hemorrhage (Fig 
4) The protocol at necropsy stated that clinically the patient had an 
aplastic bone marrow, as no regeneration forms were found m the blood 
Bone mariow from the femur, sectioned and studied microscopically, 
shows a lemarkable picture of activity One or more transfusions in 
this case might have turned the balance in favor of the patient 

It has occurred to us m connection with bone marrow studies in 
pernicious anemia and other anemias that certain vital staining methods, 
such as employed by Evans in vital staining of endothelial leukocytes 
might yield information of value in determining the origin of the differ- 
ent types of cells found in the marrow Such studies are in progress, 
as well as staining work to determine the presence or absence of deposits 
of hemosiderin m the marrow in pernicious anemia 

At this point it may be well to call attention to the fact that we do 
not advocate bone marrow puncture in pernicious and other anemias as 
a method to supplant blood studies, but merely as an additional source 
of information in selected cases 

Another field of some promise for the application of marrow punc- 
ture IS that of the polycythemias It is usually possible clinically to 
separate polycythemia vera with splenomegaly from symptomatic poly- 
cythemia It will be possible to collect data m the former type of case 
beaimg on the question of whether, as suggested by some,®^ the bone 
mariow is the site of the disease This is a question of some importance 
as other investigators, notably Blumenthal,®'^ report cases in which a 
necropsy was performed and a fatty bone marrow was found showing 
no alterations We have investigated one case of over two years’ dura- 
tion with red cell counts reaching as high as 12,000,000 This patient 
had a left-sided hemiplegia resulting from a cerebral hemorrhage and 
also a rather large hemorrhage into the orbit on one side There was 
no demonstrable enlargement of the spleen Marrow puncture in this 
case showed a fatty marrow with no evidence of cellular activity The 
whole question of bone marrow findings in polycythemia is in need of 
further study and perhaps revision 

DISCUSSION 

It has been our purpose in this preliminary note to present the 
method, establish its feasibility and outline its scope of usefulness 

31 Evans Anat Rec 8 98, 99, 1914 

32 Weber & Watson Internal Clin 4 47, 1905 

33 Blumenthal Bull de I’Acad Roy de med de Belgique, Ser 19, 1905-4 
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There are certain phases of bone marrow study, certain possibilities 
that we have had in mind but have not touched on m this paper W e 
have no data and the considerations are, therefoie, purely theoretical 
We refer to bone marrow cultures m septic anemias and m generalized 
sepsis m which organisms are not always present in the peripheral 
circulation Chronic and subacute endocarditis may be taken as a type 
example Certain cases of chronic malaria m which no plasmodia can 
be demonstrated in the peripheral circulation may yield plasmodia in 
bone marrow smears We have such a case under investigation now 
Clinically, the patient presents an enlarged spleen with a leukopenia and 
an anemia There is a past history of syphilis and of malaria The 
possibilities for the employment of the method are many but it may be 
argued that it is too dangerous and too much of a surgical procedure 
to be practical We believe that with ordinary care and asepsis in 
technic the danger of infection is very slight With the use of local 
anesthesia to the skin and periosteum the patients do not complain of 
pain and discomfort It is hoped that in centers where material is avail- 
able for study, the method will be employed and data collected to 
determine whether or not it deserves a place among recognized pro- 
cedures for clinical investigation 



THE BASAL METABOLISM IN NONTOXIC GOITER 
AND IN BORDERLINE THYROID CASES 

WITH PARTICULAR REFERENCE TO ITS BEARING IN 
DIFFERENTIAL DIAGNOSIS ■* 

JAMES H MEANS, MD, and HARRIET W BURGESS, AB 

BOSTON 

An extended study of the basal metabolism in its relation to the 
clinical features of toxic goitei ^ has been in progi ess in this clinic since 
June, 1914 As a by-product of this work there has been collected a 
considerable amount of data on patients with clinically nontoxic goiter 
and on patients without frank hyperthyioidism or hypothyroidism, hut 
in whom the possibility of one of these conditions was suspected, 
and also on patients with a variety of pathologic states not includ- 
ing the thyroid Since the use of the basal metabolism determina- 
tion as a test of thyioid function has come into lathei wide use in the 
last two or thiee years, it has seemed to us advisable to place these data 
on record A laige amount of data on normal persons, which, as 
regaids the thyioid problem, serves as normal control data, has been 
secured by Benedict of his associates - Our own data presented here 
are m the nature of pathologic controls 

Between June 10, 1914, and Oct 22, 1921, one thousand patients 
were observed in the metabolism laboratory at the Massachusetts Gen- 
eral Hospital, and on these, 2049 determinations were made The 
methods used have been discussed in previous papeis The Benedict 
apparatus has been used fiom the beginning — until July, 1921, the 
univeisal type,® since then the portable * Up to May, 1917, we determined 
both carbon dioxid and oxygen, and made the calculation of heat produc- 

* From the Medical and Surgical Services of the Massachusetts General 
Hospital, aided, in part, by a gift from Dr William Norton Bullard 

1 Means, J H Basal Metabolism and Body Surface, J Biol Chem 21 
263, 1915 Studies of the Basal Metabolism m Disease and Their Importance 
in Clinical Medicine, Boston M & S J 174 864, 1916 Hyperthyroidism Toxic 
Goiter, M Clin N America 3 1077, 1920 Determination of the Basal Metab- 
olism as a Method of Diagnosis and a Guide to Treatment, J A M A 77 347 
(July 30) 1921 Means, J H , and Aub, J C Study of Exophthalmic Goiter 
from the Point of View of the Basal Metabolism, J A M A 69 33 (July 7) 
1917 Basal Metabolism in Exophthalmic Goiter, Arch Int Med 24 645 
(Nov) 1919 

2 Harris, J A , and Benedict, F G A Biometric Study of Basal Metab- 
olism in Man, Carnegie Inst Washington, Pub 279, 1919 

3 Benedict, F G Em Univcrsalrcspirationsapparat, Deutsch Arch f klin 
Med 107 160, 1912 

4 Benedict, F G, and Collins, W E A Clinical Apparatus for Measuring 
Basal Metabolism, Boston M & S J 183 449, 1920 
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tion from the respiratory quoteint obtained Since then we have deter- 
mined oxygen only and used an assumed respiratory quotient of 0 82 
The Sage Institute standards have been used in determining variations 
from the normal ® For the purpose used we believe the above procedure 
IS sufficiently exact For certain problems in metabolism it might not be 
The Benedict apparatus, despite various criticisms m the literature, has 
proved highly satisfactory m our hands Boothby and Sandiford® 
have suggested that it is not sanitary We have never seen evidence to 
substantiate this, and we should like to point out that with the latest 
type of apparatus there is no chance for infection ^ The possible 
sources of infection are the mouthpiece itself, water of condensation 
m the tubing, and the air contained m the apparatus The mouthpiece, 
of course, is always sterilized by everyone Water of condensation that 
might run back from piping to patient, m the portable Benedict 
is found solely m the F shaped metal member to which the mouth- 
piece is attached We have adopted the custom of always boiling this 
metal member with the mouthpiece, and recommend this practice to 
others The air is entirely refreshed between patients by raising and 
lowering the spirometer bell several times 

In our series of one thousand cases there are included most of those 
cases of disturbed thyroid function that have come to the hospital during 
the period covered, for it has become a routine to follow the basal 
metabolism of patients being treated for hyperthyroidism or hypothy- 
roidism We also have a group of borderline thyroid cases in which 
the metabolism was determined as an aid m differential diagnosis, a 
series of patients with blood diseases, various endocrine diseases other 
than those of thyroid origin, and a group of miscellaneous nonendocnne 
conditions These 1,000 cases were distributed as follows Clinically 
thyrotoxic, 300 cases, clinically myxedema and cretinism, 32 cases, 
goiters clinically nontoxic, 102 cases , borderline cases in which hyper- 
thyroidism was suspected, 290 cases , borderline cases in which hypothy- 
roidism was suspected, 70 cases, other endocrine diseases, 41 cases, 
blood diseases (anemia, leukemia and polycythemia) , 66 cases , mis- 
cellaneous nonendocnne diseases, 99 cases 

It IS our purpose at the present time to discuss these cases only in 
so far as they bear on the question of the value of the determination 
of the basal metabolism m the diagnosis of thyroid activity Certain of 
the groups will be discussed in detail in later papers 

Suhnoymal Metahohsm — We first studied the occurrence of sub- 
normal metabolism This is generally considered one of the cardinal 


The 


n ^ ^ I^Bois, E F Clinical Calorimetry, Nineteenth Paper 

Basal Metabolism of Old Men, Arch Int Med 19 823 (June) 1917 

■DU 1 j ? u TTr T-.^’ Sandiford, I Basal Metabolic Rate Determinations, 
Philadelphia, W B Saunders Co , 1920 
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laboratory signs of myxedema and cretinism Of the thirty-two cases 
of these diseases there were twenty-six which had received no thyroid 
All of these twenty-six cases showed a reduction below minus 10 per 
cent m the metabolic rate The average findings m the several types 
included in this group are shown m Table 1 


TABLE 1 — Basal Metabolism in Myxedema and Cretinism 


Type 

Number of 
Cases 

Average Basal 
Metabolic Rate, 
Per Cent 

Spontaneous myxcdcmn k 

16 

—25 

Boentgen ray njvxedcma 

4 

—21 

CachcMa strumipriva 

2 

—17 

Cretinism 

4 

—19 


This finding, namely, that a low metabolism occurs in 100 per cent 
of the untreated cases which show the clinical picture of myxedema or 
cretinism, would seem to prove that a low metabolism is an essential 
feature of those diseases 

We next looked into the occurrence of subnormal metabolism m con- 
ditons other than frank myxedema and cretinism After excluding 
these conditions, there were found to be sixty-three cases with basal 
metabolic rates of — 11 per cent or lower The degree of reduction, 
and the relative number occurnng in each group, are shown in Table 2 


TABLE 2 — Occurrence of Subnormal Metabolism 


Basal Metabolic Rate, 
Per Cent 
(inclusive) 



Group 

Number of Oases 



Per Oent 

Sus- 1 
pcctcd 
Hypcr- 
thyroid 
ism 

Non- 

toxic 

Goiter 

Miscel 
laneous 
Non- 
Endo ! 
cnne 

Sus- 

pected 

Hypo- 

thyroid- 

ism 

Other 

Endo- 

crines 

Blood 

Dis 

eases 

Total 

All 

Groups 

—11 to —12 

5 

3 

5 i 

8 

8 

1 

25 

40 

—13 to —14 

3 

2 

2 j 

3 

3 

0 

13 

20 5 

—15 to —16 

2 

1 

1 1 

2 


0 

13 

205 

—17 to —18 

1 

0 

0 

0 


0 

4 

65 

—19 to —20 

0 

0 

0 

0 


0 

1 

1 5 

— 21 or less 

1 

0 

0 

2 

3 

1 

7 

11 

Total irith subnormal 








1 

rates 

12 

6 

8 

15 

20 

2 

63 

100 0 

Total cases in group 

290 

102 

99 

70 

41 

66 

668 


Per cent of group 









with subnormal rates 

41 

69 

81 

21 4 

48 8 

30 

93 



This table shows that subnormal metabolism in diseases other than 
those of the endocrine glands is distinctly infrequent Of the sixty- 
three cases studied, fifty-three, or 84 per cent, were either definitely 
endocrine or presented some clinical suggestion of endocrine disease 
Furthermore, of the ten nonendocrine cases, eight showed rates between 
— 11 and — 14 per cent , hence their degree of subnormahty was 
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slight Also, grouping endocrine and nonendocnne cases together, 81 
per cent of all the cases have rates between — 11 and — 16 per cent , 
which is higher than any of the m)rx:edema averages 

The group of endocrine diseases other than thyroid includes 
suprarenal and pituitary abnormalities, and it is known that in hypo- 
pituitarism there sometimes is a reduction in the basal metabolism ‘ 
There seems also to be one m Addison’s disease ® The group of blood 
cases shows that m anemia, polycythemia and leukemia, subnormal 
metabolism is a distinct rarity 

Supernormul Metabolism — In a similar way we studied the occur- 
rence of supernormal metabolism Of the 300 cases showing definite 
clinical signs and symptoms of hyperthyroidism (except in certain 
instances after operation or roentgen-ray treatment) there was but one 
case (0 3 per cent ) which failed to show a metabolic rate of more than 
-f-lO per cent , and that patient had very mild symptoms 

The occurrence of supernormal metabolism m the remaining cases 
IS shown m Table 3 


TABLE 3 — Occurrence of Supernormal Metabolism 





Group 

Number of Cases 




Basal Metabolic Rate, 
Per Cent 
(inclusive) 

Non- 

tOMC 

Goiter 

Sus 

pected 

Hjpo 

thyroid- 

ism 

Miscel 

laneous 

Aon 

Endo 

crine 

Other 

Endo 

crines 

Sus- 

pected 

Hyper 

thjroid 

ism 

Blood 

Bis 

eases 

Total 

All 

Groups 

Per 

Cent 

+61 to +90 

0 

0 

0 


0 

2 

2 

1 

+41 to +60 

0 

0 

0 


6 

10 

16 

8 

+26 to +40 

0 

1 

2 

1 


9 

30 

15 

+19 to +25 

0 

3 

5 

3 



43 

21 

+15 to +18 

1 

2 

5 

1 


8 

44 

22 

+11 to +14 

12 

3 

8 

5 


6 

67 

33 

Total vith supernor 









inal rates 

13 

9 

20 

10 

105 

45 

202 

lOO 

Total cases m group 

102 

70 

99 

41 

290 

66 

668 


Per cent of group 
with supernormal 





rates 

12 T 

12 9 

20 2 

24 4 

36 2 

681 

30 2 



Aside from clinical hyperthyroidism, the greatest incidence of 
supernormal metabolism is in the group of blood diseases This is 
consistent with the findings of several observers that there is practically 
always an increase m leukemia ® and not infrequently in the severe 


Tvf ^ Basal Metabolic Rate m Hyperthyroidism, J A 

M A 77 252 (July 23), 1921 J- 

8 Aub, J C An unpublished research 

9 The literature on this point is summarized by Murphy, J B , Means, J H , 

and Aub, J C Clinical Calorimetry, Twenty-third Paper The Effect of the 
Roentgen Ray and Radium Therapy on the Metabolism of a Patient with 
Lyn^hatic Leukemia, Arch Int Med 19 890 (June) 1917 See also Gunderson, 
t Basal Metabolism in Myelogenous Leukemia and Its Relation to 

the Blood Findings, Boston M & S J 185 785, 1921 
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anemias The group showing the next gieatest incidence is that of 
cases not piesenting the full clinical picture of hypei thyroiclism, but 
some suggestion of that condition This is not surpiising Of the 
othei endocrine 24 4 per cent show slight elevations 

The twenty cases (202 per cent) out of ninety-nine in the mis- 
cellaneous nonendocnne gioup need some comment Theie weie two 
cases each with a late of 26 per cent (none highei) One of these 
patients was a Avoman seven months pregnant When seen four months 
latei duiing lactation the rate was -|- 13 per cent The othei patient 
with a 1 ate of -}- 26 per cent did not keep absolutely quiet dtii mg the 
test One patient with a rate of -f- 23 pei cent had malignant 
lymphoma of the neck Two weeks latei after vigoious loentgen-ray 
tiealment hei late was 14 pei cent Another patient with a + 23 
per cent rate had paralysis agitans It was thought that the tiemor 
might well explain this elevation, as a week later when he was quieter 
It was — 2 pel cent Rates of -[-21 pei cent were found in a case of 
osteitis deformans and in one of questionable chloiosis A second test 
on this patient three months after the first test showed a rate of -[-14 
pei cent In one case of paroxysmal tachycaidia during the paroxysm 
there was a rate of -f- 20 pei cent The remaining thiiteen cases had 
lates not higher than -(- 18 per cent Their supernoi mahty, therefoie, 
was slight 

Nonloxic GoUct — Coming now to the group of 102 clinically non- 
toxic goiter cases, the average basal metabolism rate was with legaid 
to sign, -j- 2 per cent, and without regaid to sign, ±64 per cent 
As we have pointed out elsewhere,” in making averages of this sort 
the average with regard to sign indicates whethei there is a positive or 
negative bias in the series (in this instance a very slight positive one), 
and the average Avithout regard to sign, the geneial degiee of normality 
of the series, as shown by the prevailing magnitude of the variations 
This senes of nontoxic goiters from the metabolism point of view 
shows a very high grade of noi mahty It compaies in that lespect very 
favorably with a gioup of thirty-one normal men studied by Carpentei 
et al “ This lattei group showed average rates as follows with legard 
to sign, — 1 7 per cent , without regard to sign, ±51 per cent 

A result such as this in nontoxic goitei makes one wondei whether 
the thirteen of these 102 cases that showed rates greatei than -j- 10 per 

10 Meyer, A L, and DuBois, E F The Basal Metabolism in Pernicious 
Anemia Clinical Calorimetry, No 15, Arch Int Med 17 965 (June), 1916 
Tompkins, E H , Brittingham, H H , and Drinker, C K The Basal Metab- 
olism m Anemia, with Especial Reference to the Effect of Blood Transfusion 
on the Metabolism m Pernicious Anemia, Arch Int Med 23 441 (April) 1919 

11 Means, J H , and Woodwell, M N Remarks on Standards for Normal 
Basal Metabolism, Arch Int Med 27 608 (May) 1921 
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cent , or the six that were lower than — 10 per cent , were not really 
suffering from either a mild grade of hyperthyroidism in the first 
instance or of hypothyroidism in the second instance 

We searched further, to see whether the different types of nontoxic 
goiter showed any constant tendencies, but without finding any such 
The series was divided into several subgroups, and the average rates 
obtained are shown in Table 4 


TABLE 4 — Nontoxic Goiter 


Type 

Number of 
Cases 

Metabolism 
Variation With 
Regard to Sign, 
per Cent 

Metabolism 
Variation Without 
Regard to Sing, 
per Cent 

Adenomata 

38 

+2 7 

-4+9 

Cystic 

11 

+12 


Diffuse enlargements 

37 

+11 

“+*6 3 

Diffuse enlargements in adolescents 

16 

+2 1 

±71 


There was no conspicuous tendency for the cases showing sub- 
normal or supernormal rates to fall exclusively into any of these 
subgroups 

Suspected Hypothyroidism — The average figures for the group of 
seventy patients who clinically were suspected of having hypothyroidism, 
but in whom the entire picture of frank myxedema was lacking, were 
with regard to sign, — 1 4 per cent , without regard to sign, ±87 
per cent 

The negative bias here is slighter than the positive bias in the 
previous group, but there is a larger proportion of cases with abnormal 
metabolism Nine, for example, show rates of -j- 11 per cent or 
higher, and fifteen show rates of — 11 per cent or lower A certain 
number of low rates we should expect, but the high ones are, perhaps, 
a little surprising, but if we examine them closely we can in several 
instances find adequate explanations For instance, one case with a 
rate of -f- 26 per cent had some signs suggesting myxedema, but others 
suggesting acromegaly A second with a rate of -f- 24 per cent had a 
picture suggesting myxedema, but was taking large doses of thyroid at 
the time the test was made A similar explanation can be found for 
one of the cases showing a rate of -f 15 per cent 

Suspected Hyperthyroidism — The last group, that of cases sus- 
pected for some clinical reason — nervousness, tachycardia, or other such 
manifestation of having hyperthyroidism, showed, as is not surprising, 
a somewhat greater variation There were 290 cases in this group, and 
the average rates were with regard to sign, -{-71 per cent , without 
regard to sign, ± 102 per cent 
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Here there is a somewhat greater bias (positive) than we have met 
before, but still it is not so very large The individual variations too 
tend to be larger than m the previous two groups For example, there 
are 105, or 36 per cent , which show rates higher than -f- 10 per cent , 
and twelve, or 4 per cent , with rates lower than — 10 per cent A 
survey of the twelve with subnormal metabolism shows that they were 
all cases in whom the suggestion of hyperthyroidism was very slight 
They were a type m which hyperthyroidism was a possibility in the 
mind of the clinician rather than a probability, and the metabolism test 
was made for ex;clusion only Coming now to the 105 with supernormal 
metabolism we find that forty-four of them have rates between +11 
per cent and +16 per cent, sixty between +11 per cent and +18 
per cent , and eighty-two between +11 per cent and -[- 25 per cent 
Seventy-eight per cent , therefore, showed elevations of a slight grade 
only A further investigation shows that of the 105 cases, seventy-five, 
or 71 per cent , had but one metabolism test performed An analysis of 
these 105 cases, case by case, is hardly worth while A considerable 
proportion of them very likely really were suffering from hyperthy- 
roidism The rest were cases of psychoneurosis, effort syndrome, 
organic heart disease, in which because of nervousness or tachycardia 
or some such sign the clinician wished to exclude thyrotoxicosis Of 
the thirty cases in which more than one test was made, there were ten 
m which a second test was performed within a fortnight after the first 
In each case the second test was lower, the average of the first tests 
being + 37 per cent , and of the second + 18 per cent 

DISCUSSION 

Our object here has been to shed light on the merit of the determina- 
tion of the basal metabolism as a functional test of the thyroid On 
this problem, of course, only indirect evidence can be had from human 
beings Our findings, however, in nontoxic goiter and borderline 
thyroid cases, added to those already recorded m the literature, we 
believe furnish some indirect evidence of value 

In the first place, it seems clear that m untreated myxedema and 
cretinism there is invariably a subnormal metabolism, the average rate 
m our twenty-six cases being — 23 per cent After treatment with 
thyroid the rate rises toward normal 

In the second place, m patients showing definite clinical signs of 
hyperthyroidism there is invariably a supernormal metabolism, and as 
has been shown elsewhere, the degree of elevation runs roughly parallel 
to the intensity of the symptoms and signs ^ 

Of course, it may justly be said that to consider metabolic rates 
varying more than 10 per cent above or below the standard abnormal, 
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and those that vary less than 10 per cent not abnormal, is an entirely 
arbitrary procedure It is arbitrary but, nevertheless, reasonable A 
line must be drawn somewhere for purposes of analysis This 10 per 
cent limitation covers the known facts very satisfactorily, therefore, its 
use serves a good purpose But m interpreting the significance of basal 
metabolic rates in patients it must be borne in mind that there is no 
absolute line of demarcation between normal and abnormal metabolism 
We should have no hesitancy m saying that a rate of -j- 80 per cent 
(provided there was no technical error), or one of — 25 per cent, 
was pathologic, but we could not say so with certainty in regard to one 
of + 16 per cent or — 14 per cent 

A certain number of patients with other kinds of endocrine disease, 
pituitary, suprarenal, etc , show subnormal metabolism, but in persons 
without clinical evidence of endocrine disease, subnormal metabolism 
IS distinctly uncommon, and when it does occur the degree of depression 
IS slight as compared with frank myxedema and cretinism 

Supernormal metabolism m conditions other than clinical thyro- 
toxicosis is more frequent It nearly invariably occurs in leukemia, and 
often in the severe anemias and polycythemias Except in the group of 
blood diseases, the elevation is generally slight as compared with toxic 
goiter It should be pointed out that fever is often accompanied by 
an elevation of the basal metabolism, but the present analysis is based 
on afebrile patients 

Our series of 102 patients with goiter, but without clinical signs or 
symptoms of hyperthyroidism or hypothyroidism, shows nearly as high 
a grade of normality as does Carpenter’s series of normal men Our 
average for the group was + 2 04 per cent It is also interesting to note 
that Boothby with an entirely different technic got an average of -k ^ 
per cent in a series of 254 similar cases 

In other words, in clinical hyperthyroidism we find increased metab- 
olism, m clinical hypothyroidism decreased metabolism, and m goiter 
clinically nontoxic we find an essentially normal metabolism One 
might ask, therefore, whether the determination of the metabolic rate 
added anything to our knowledge of such cases Perhaps it does not, 
in so far as diagnosis is concerned, except to add a quantitative impres- 
sion of the severity of the disease which is of distinct help in following 
Its course and the effect of treatment It is in the borderline group of 
cases, that is to say, those cases with symptoms or signs that suggest 
the possibility of abnormal thyroid function, that the metabolic rate 
determination really helps in diagnosis 

Our group of cases of suspected hypothyroidism, on the whole, 
shows a high grade of normality of metabolic rate, and of the patients 
that did have subnormal rates several showed improvement in symptoms 
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on being given thyroid In the group of suspected hyperthyroidism 
cases there is a higher incidence of abnormal metabolism, but even here 
two thirds of the cases weie within the normal range Whether the 
remaining third showing supernormal rates were really thyrotoxic we 
cannot say We feel that probably many of them were, their clinical 
pictures being highly suggestive 

We must point out that with many of our patients (that is to say, 
in those where the test was made for diagnostic purposes) a single test 
only was performed There is no doubt that the first test in certain 
subjects, particularly those at all alarmed by the procedure, does not 
give a true basal value The work of Aub and his associates suggests 
that this ma}’- be due to an increased flow of epmephnn In doubtful 
cases second, and if necessary third tests (on different days) should 
be made When eirors occur, however, they are always m the direction 
of giving too high values Leaks in the apparatus, restlessness or alarm 
on the patient’s part, all tend to increase the observed metabolism 

We feel, therefore, that the finding of normal rates m persons sus- 
pected of having hyperthyroidism practically rules that condition out, 
but the finding of an elevated rate does not necessarily rule it m The 
safest procedure and one which we carry out wherever possible is, on 
finding an elevation in rate m a person with questionable clinical picture, 
to repeat the test, until a constant reading on different days is obtained 
When a base line for the given patient is reached, then the interpreta- 
tion may be made In our experience, however, it is extraordinary what 
a large proportion of patients show normal rates on the first observation 
It IS the exception rather than the rule to have to make repeated tests 
We should like to emphasize that to get a true basal rate m new patients 
their confidence must be secured, and all details of technic carefully 
carried out The matter of complete rest and the postabsorptive state 
on the part of the patient are of the utmost importance So too is the 
taking of the body temperature and the recognition of the elevations that 
fever may cause No one should attempt to make metabolism determi- 
nations who is not familiar with the principles of calorimetry and the 
why and wherefore of each step in the procedure, and a clear under- 
standing of the pitfalls that may occur 

The finding of subnormal rates is rather simpler A rate probably 
cannot be lowered by extraneous factors Low rates mean abnormal 
metabolism, they are not open to the possibility of being artefacts, as 
high rates are 

In general, we feel from the mass of data now in the literature as 
well as from our own experience that high rates mean hyperthyroidism, 

12 Aub, J C , Bright, E W , and Forman, T Metabolic Effect of Adrenal- 
ectomy on the Urethanized Cat, Am J Physiol 61 349 (July) 1922 



516 


ARCHIVES OF INTERNAL MEDICINE 


provided a few well recognized other causes for increased metabolism, 
leukemia, anemia, acromegaly, fever, etc , are ruled out, and that low 
rates mean hypothyroidism provided hypopituitarism, Addison’s disease, 
starvation, etc, are ruled out There seldom should be any great 
difficulty in excluding the conditions other than thyroid which alter the 
matabolic rate, they are few in number and present fairly obvious 
clinical signs 

CONCLUSIONS 

1 Patients with an outspoken clinical picture of hyperthyroidism 
invariably show increased metabolism, and those with definite clinical 
pictures of hypothyroidism invariably show decreased metabolism 
Those with goiters, but no signs or symptoms of abnormal thyroid 
function, for the most part show normal metabolism 

2 Patients with atypical or incomplete clinical evidence of abnormal 
thyroid function may show normal or abnormal metabolism The 
majority show normal metabolism 

3 By inference from the indirect evidence we believe that in these 
borderline thyroid cases, provided that in the first place a true basal rate 
IS secured, and, provided that certain well recognized causes for 
increased metabolism, such as fever, acromegaly, leukemia and severe 
anemia are excluded, the finding of an increased basal metabolic rate 
IS strong presumptive evidence of hyperthyroidism In a similar way, 
provided that such conditions as starvation, hypopituitarism, and hypo- 
suprarenalism are excluded, a low metabolic rate is strong presumptive 
evidence of hypothyroidism 

4 To that extent, then, the metabolism test is distinctly useful m 
differential diagnosis Like all other laboratory tests it should only be 
interpreted with due regard to all other clinical and laboratory findings, 
and with due regard for its limitations and pitfalls 

We are indebted to Miss Catherine Thacher and Miss Margaret N Woodwell 
for mslcing a. considerable number of the metabolism tests 
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DETROIT 

Our present conception of the physiologic acid-base equilibrium, 
resting largely on the work of L J Henderson,^ assigns to the kidney 
the principal role in maintaining the normal alkalinity of the body 
fluids So adequate is the healthy kidney m this respect that the pro- 
duction of acid within the body may be increased to many times the 
basal amount, as, for example, during great muscular exertion and in 
the ketosis of diabetes mellitus, without sensibly reducing the bicarbonate 
content of the blood 

Indeed, from the work of Straub and Schlayer,^ Lewis and his 
co-workers,^ of Peabody,'^ Whitney,® MacNider,® Gettler and St 
George,^ Chace and Myers,® and others, it appears that no appreciable 
reduction of the blood bicarbonate occurs, until the function of the 
kidney, as determined by the conventional tests, has been affected 
gravely Acidosis, defined as a condition of lowered blood bicarbonate, 
appears, then, to be of little importance in the diagnosis of renal 
insufficiency 


* The first paper, “The Alkalimetry of Whole Blood — A Preliminary Study,” 
by John B Rieger, appeared m the J Lab & Clin M 5 668 (July) 1920 

1 Henderson, L J Das Gleichgewicht zwischen Basen und Sauren im 
tienschcn Organismus, Ergcbn d Physiol 8 254, 1909, A Critical Study of 
the Process of Acid Excretion, J Biol Chem 9 403, 1911, The Theory of 
Neutrality Regulation in the Animal Organism, Am J Physiol 21 427, 1908 

2 Straub, H, and Schlayer, K Die Uramie eine Saurevergiftung^ 
Munchen med Wchnschr 59 569 (March 12) 1912 

3 Lewis, T , Ryffel, J H , Wolf, C G L , Cotton, T , and Barcroft, J 
Observations Relating to Dyspnea in Cardiac and Renal Patients, Heart 5 45 
(Oct) 1913 

4 Peabody, F W Studies in Acidosis and Dyspnea in Renal and Cardiac 
Disease, Arch Int Med 14 236 (Aug ) 1914 

5 Whitney, J L Studies on Acidosis , the Immediate Cause of Death, and 
Remarks on the Acidosis of Nephritis, Arch Int Med 20 931 (Dec ) 1917 

6 MacNider, DeB Wm A Study of Renal Function and the Associated Dis- 
turbance in the Acid-Base Equilibrium of the Blood in Certain Experimental 
and Naturally Acquired Nephropathies, Arch Int Med 26 1 (July) 1920 

7 Gettler, A O, and St George, A V The Value of Modern Blood Chem- 
istry to the Clinician, J A M A 71 2033 (Dec 21) 1918 

8 Chace, A F , and Myers, V C Acidosis in Nephritis, J A M A 74 
641 (March 6) 1920 
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Hoesslm,® Sellards/® Palmer and Henderson, “ however, from their 
studies of the effect of alkali administration on the reaction of the 
urine, concluded that a condition of acidosis exists in the incipient 
nephropathies as well as m a great variety of other pathologic conditions, 
and often occurs unexpectedly This observation is in harmony with 
the findings of several earlier workers, who used a much cruder method 
of study — ^titrating the alkalinity of the blood directly, with tartaric 
acid and litmus paper In 1878, Canard noted that the alkalinity of 
the blood is increased following digestion and after ingestion of alkali, 
decreased, following the ingestion of large amounts of acid In 1879, 
Lepine reported a decreased alkalinity in chronic nephritis, gastric 
ulcer, diabetes mellitus, and the anemias, and in 1888 von Jaksch,^^ as 
the result of an extensive investigation, concluded that there is decreased 
alkalinity of the blood m every febrile process , that the decrease is 
constant in uremia, diseases of the liver which result in the destruction 
of tissue, and in the anemias 

Later, Palmer and Henderson studied the acid and ammonia 
excretion m various nephropathies and noted a decrease in the total 
titratable acidity of the urine, most pronounced in late glomerular 
disease, yet also to be observed in the early glomerular and m the degen- 
erative processes They noted that the decrease was invariably due 
to an ammonia deficit, just as Adler and Blake had observed that the 
amount of base excreted in the urine of dogs fed hydrochloric acid 
followed, in general, the variations in the amount of ammonia Palmer 
and Henderson concluded, therefore, that the true regulator of urinary 
acidity IS to be found in the production of ammonia, a process which is 
“not always correlated with the other regulatory processes of the 
kidney ” The regulation of the hydrogen ion concentration of the 
blood, they believed to depend almost entirely on the acid excretion 


9 Hoesslin, V Ueber die Abhangigkeit der Albuminune vom Sauregrad 
des Unn und uber den Einfluss der Alkalizufuhr auf Aziditat, Albuminune, 
piurese und Chloridausscheidung sowie auf das Harnammoniak, Deutsch Arch 
f klin Med 105 147, 1912 

10 Sellards, A W The Determination of Equilibrium in the Human Body 
Between Acids and Bases with Especial Reference to Acidosis and Nephro- 
pathies, Bull Johns Hopkins Hosp 23 289, 1912 

11 Palmer, W W , and Henderson, L J Clinical Studies on Acid-Base 
Equilibrium and the Nature of Acidosis, Arch Int Med 12 153 (Aug ) 1913 

2 Canard, J Essai sur I’alcalinite du sang dans I’etat de sante et dans 
quelques maladies. These II, Pans, 1878 

13 Lepme, R Note sur la Determination de L’alcalinite du Sang chez 
Lhomme, Gaz med de Par 12 149 (March 23) 1878 

V* u r ^ Ueber die Alkalescenz des Blutes bei Krankheiten, 

Ztschr f klin Med 13 350, 1888 

f ^ W , and Henderson, L J A Study of the Several Factors 

* Nephritis, Arch Int Med 16 109 (July) 1915 

<.v, c r ^ Plake, G The Retention of Alkali by the Kidney, 

Reference to Acidosis, Arch Int Med 7 479 (April) 1911 

■NT 1 ^ ^ Palmer, W W Intensity of Urinary Acidity m 

Normal and Pathological Conditions, J Biol Chem 13 393, 1913 
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PHOSPHATE RETENTION AND RENAL FUNCTION 

That acidosis may at times be due specifically to retention of acid 
phosphate is shown by the work of Greenwald/® Marriott and How- 
land/® Feigl/® Denis and Minot and others Greenwald found that 
the acid soluble phosphorus m nephropathies is increased roughly 
parallel with the nonprotein nitrogen, while the careful work of Denis 
and Minot showed a retention of inorganic phosphate by about 65 
per cent of the seventy nephropathic individuals studied, reaching ten 
times the normal value m fatal cases and, in general, closely following 
the condition of the patient Marriott and Howland found the inorganic 
phosphates usually slightly increased m marked renal disease, though 
death occurred a number of times in such cases, without any increase 
of phosphorus and without any evidence of acidosis In certain 
instances the phosphoric acid was found to be combined with twice as 
much of the available base as was the carbonic acid, whereas m normal 
conditions the base combined with phosphoric acid is only from one- 
tenth to one-fifteenth of that combined with carbonic acid In mild 
cases m which the nitrogen retention and the phenolsulphonephthalem 
elimination were not markedly affected, no phosphate retention was 
observed 

The excretion of acid phosphate by the normal kidney is stimulated, 
apparently, in all conditions in which acid tends to accumulate in the 
body fluids Thus, Fitz, Alsberg and Henderson and later, Under- 
hill and Bogert found an increased elimination of phosphates m 
rabbits fed with hydrochloric acid Underhill and Bogert also noted 
that diets producing acid urines m these animals increased the elimina- 
tion of phosphates through the kidney, while diets producing alkaline 
urines forced a greater elimination by gut, an observation that has 
been made on a great variety of animals by other workers and which 


18 Greenwald, I The Estimation of Lipoid and Acid Soluble Phosphorus 
in Small Amounts of Serum, J Biol Chem 21 29, 1915 

19 Marriott, W McK, and Howland, J Phosphate Retention as a Factor 
in the Production of Acidosis in Nephritis, Arch Int Med 18 708 (Dec ) 1916 

20 Feigl, J Ueber das Vorkommen von Phosphaten im menschlichen Blut- 
serum, Biochem Ztschr 83 218 (Oct) 1917, Biochemische Untersuchungen 
uber den Einfluss von Marschanstrengungen auf die Zusammensetzung des 
Blutes, ibid 84 332 (Dec ) 1917 

21 Denis, W, and Minot, A S Study of Phosphate Retention from the 
Standpoint of Blood Analysis, Arch Int Med 26 99 (July) 1920 

22 Fitz, R , Alsberg, C L, and Henderson, L J On the Intensity of 
Urinary Acidity in Normal and Pathological Conditions, Am J Physiol 18 
113, 1907 

23 Underhill, F P , and Bogert, L J Urinary Excretion of Phosphates 
in the Rabbit, J Biol Chem 36 521 (Dec ) 1918 

24 Underhill, F P , and Bogert, L J Alterations m the Output of Cer- 
tain Urinary Constituents as Determined by Changes in the Character of the 
Diet, J Biol Chem 27 161, 1916 
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probably forms the basis for the milk treatment of renal insufficiency 
as it IS practiced today When injected subcutaneously into rabbits 
Underhill and Bogert recovered from 70 to 100 per cent of the 
phosphate in the urine and the increment of excretion was no greater 
with the monobasic than with dibasic and tribasic salts There was 
found, however, a wide variation in the ability of individual rabbits to 
excrete phosphates through the kidney, and it is possible that a similar 
variation in ability to excrete phosphates occurs among humans, and that 
the phosphate content of the body fluids of the latter may, in some 
cases at least, be profoundly modified by the action of the bowel 

The effect of acid phosphate retention on renal function is illustrated 
by the work of Nagayama,^''* who fed to rabbits molecularly equivalent 
amounts of phosphorus as acid phosphate and as basic phosphate, 
respectively, and was able to show that the urea excretory activity of 
the kidney is distinctly depressed after the former, while the latter had 
no appreciable effect Sodium bicarbonate in amount markedly increas- 
ing the alkalinity of the plasma caused only a slight decrease in this 
function 


ACID RETENTION AND RENAL FUNCTION 

It has long been maintained, notably by Fischer,^® that an abnormal 
production of acid in the body and its accumulation in the kidney is 
responsible for the entire symptom complex known as nephritis To 
the action of the retained acid on the colloidal structures that make up 
the kidney are due, m his opinion, the specific morphologic changes, 
the proteinuria, the production of casts, etc , and on theoretic grounds 
could as well be initialed by retention of alkali Newburgh,^" and New- 
burg and Squier,®® also state that they have been able to reproduce in 
the rabbit all the anatomic changes characteristic of the chronic inter- 
stitial nephropathy in man, merely by feeding piotein in amounts 
sufficient to increase the urinary nitrogen from 2 to 300 per cent They, 
however, made no attempt to correlate their findings with any specific 
product of protein metabolism, so that it cannot be said whether the 
increased acid production that must result from such diets was or was 
not a causative factor 

Of the conditions that govern the excretion of acid by the kidney, 
itt e IS known If, as stated by Henderson, this organ is the first line 
o efense against an accumulation in the body fluids of acid or alkaline 


nhnfo Excreting Activity of the Kidney and Phos- 

phate Excretion Am J Physiol 51 449 (April) 1920 

27 1912, Ed 1, New York, John Wily Sons 

Protein \ ? The Production of Bright’s Disease by Feeding High 

4 XT f 24 359 (Oct ) 1919 

sclerosis^^n^U^^i’ Sqmer, T L High Protein Diets and Arterio- 
e osis in Rabbits, A Preliminary Report, Arch Int Med 26 38 (July) 1920 
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substances beyond the physiologic optimum, the fiist indication of its 
functional lag should, it seems, be found in the acid or alkali binding 
power of the blood 

The acid binding power of the blood, for convenience designated 
“oxydesis,” may be altered by processes occurring without, as well as 
within the kidney In the early stages of diabetes melhtus, for example, 
oxydesis is definitely increased, and according to Michaehs and to 
Menten,^® the H ion concentration of the serum is lowered, while m 
the later stages, when there is considerable ketone formation, oxydesis 
IS notably decreased, and, according to the same observers, the H ion 
concentration rises This may be explained, perhaps, entirely by varia- 
tions m the ratio of ammonia to acid formed, or it may be due to a 
preferential retention by the kidney of the stronger fixed bases, the 
complete elimination m the early stages of acid ammonium salts and 
later their gradual accumulation because of renal lag 

Since the H ion concentration of the blood depends on the rat'o of 
acid to alkali, the determination of the alkali reserve, indirectly by 
measuring the bicarbonate bound carbon dioxid of the plasma, or 
directly by one of the various foims of alkalimetry, cannot serve as an 
infallible index of acidosis or alkalosis Thus, Henderson and Hag- 
gard,®^ Van Slyke,®^ and Henderson, Haggard and Coburn®® describe 
nine theoretically possible combinations of acidosis, alkalosis and nor- 
mality, by the plasma bicarbonate index, with a high, low and normal 
alkali reserve, several of which they have clinically observed in condi- 
tions where occur such abnormalities of respiration as hyperpnoe and 
acapnia 

The combination of caibonic acid deficiency and high alkali reserve, 
we ourselves have observed in diabetic coma of the rapidly advancing 
type, the oxydesis here being moderately decreased, normal or actually 
increased, m the face of a plasma bicarbonate content always below 
twenty volumes per cent In the nephropathies, however, except when 
uremia or cardiac decompensation impends, there are, as a rule, no 
respiratory complications and there is no increased production of acid 
or alkali An interesting exception is a condition designated paroxysmal 

29 Michaehs, L Die Wasserstoffionen Konzentration, Berlin, 1914 

30 Menten, M L The Alkalinity of the Blood in Malignancy and Other 
Pathological Conditions, Together with Observations on the Relation of the 
Alkalinity of the Blood to Barometric Pressure, J Cancer Res 2 179 (April) 
1917 

31 Henderson, Y, and Haggard, H W Hematorespiratory Functions, 
J Biol Chem 39 163 (Aug) 1919, 43 3, 15 (Aug) 1920 , 47 421 (July) 1921 

32 Van Slyke, D D Studies in Acidosis, Normal and Abnormal Varia- 
tions m Acid-Base Balance of Blood, J Biol Chem 48 153 (Sept ) 1921 

33 Henderson, Y , Haggard, H W , and Coburn, R C The Therapeutic 
Use of Carbon Dioxid after Anesthesia and Operation, J A M A 74 783 
(March 20) 1920 
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dyspnea or “renal asthma,” in which there is a nocturnal anaphylactoid 
suppression o£ urine with profound dyspnea, superimposed on what 
could otherwise be diagnosed a chronic interstitial nephropathy 

Whatever be the significance of an increase in the acid fixing 
power of the blood, a decrease, whether it occur in a nephropathy, in 
anemia, diabetes melhtus, inanition, ileus, pneumonia or gastric ulcer, 
and whether it exist as cause or effect thereof, must with great fre- 
quency, if not always, be associated with a lag or impairment of renal 
function That it is a measure of such impairment cannot be affirmed, 
for, as was previously stated, it is possible that in a chronic nephropathy 
the resorptive activity of the bowel may greatly increase, and measur- 
ably subserve the function of the kidney 


THE ALKALIMETRY OF WHOLE BLOOD 
The acid binding power, or oxydesis, of whole blood may be deter- 
mined as described in the first paper of this series and for the 
purpose of this investigation represents the greatest amount of hun- 
dredth normal hydrochlonc acid that can be added to a unit volume of 
oxalated whole blood without clumping the erythrocytes For con- 
venience the method is here repeated 


Ten clean dry test tubes are set up m a rack To the first is added 9 cc 
of an 0 85 per cent salt solution (Merck’s blue label sodium chlorid dissolved 
in freshly distilled water) and 1 cc whole, fresh oxalated blood Alee 
differential baetenologic pipet may be used for the purpose The blood is 
mixed with the saline by blowing through the pipet, and froth is avoided by 
always keeping the tip of the pipet below the surface of the liquid One 
cubic centimeter of the diluted blood is then carefully placed in the bottom of 
each tube, avoiding the sides, and starting on the left, hundredth normal 
acid containing 0 85 per cent chemically pure sodium chlorid is 
added with a 2 c c differential pipet, starting with 0 7 c c , and increasing the 
amount by 0 05 c c with each tube The tip of the pipet should be poised about 
2 inches above the surface of the fluid, to insure rapid diffusion of the acid, 
whic should be dropped directly into the blood and not be touched off on 
re glass Tlie tube, once charged, should be shaken immediately, and the 
row not disturbed until the corpuscles have settled The last tube which shows 
e erythrocytes sharply settled in the center without any hemolysis in the 
supernatant liquid represents the oxydetic value of the blood in question 
the blood should be collected not less than three hours after ingestion of 
t ^ mouth bottles, to which 1 c c of a 1 per cent solution 

tn mV’ pure sodium oxalate has been added and evaporated 

o dryness This amount is sufficient for 10 c c blood, which should be swirled 
immediately on collection Failure to observe this precaution 
nrpviniic more or less agglutination of the corpuscles such as always occurs 
one i<j in o ation (blood containing no anticoagulant mav be used if 

soliitinn r,f u? ^ immediately with nine volumes of physiologic 

and the hinnri m i*^^^ The syringe and needle should be dry and clean 
It will keen fnr immediately or placed in a good icebox, where 

before me^urin hours It should be brought to room temperature 


\Vhether the figure obtained in this way represents accurately the 
u er content or tampon power of the blood for acid, cannot be stated 
It IS not known, for example, to what extent the blood-proteins are 
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available to physiologically fix aad , whether this fixation is a stoichio- 
metric one or whether, as MacLeod states, it is conditioned by the 
H ion concentration of the blood and becomes greater as the latter 
increases The figures obtained will also vary because of differences 
in calibration of glassware, standardization of acid and, perhaps, a 
personal factoi The absolute oxydetic values are, however, of little 
clinical importance If the same acid and the same pipet be used foi 
the samples of blood that it is desired to compare, it will be found 
that the amount of acid that can be added to a unit volume of normal 
blood without clumping the erythrocytes is, for practical purposes, a 
constant 

Fifty individuals, for example, ranging in age from 19 to 52 years 
and whose blood and urine were found to be normal, showed an acid 
fixing power of from 8 5 to 9 5 c c of hundredth normal hydrochloric 
acid per 1 c c of whole oxalated blood Forty-eight of these gave 
a figure of 90, one, 85 and one, 95, three hours after ingestion of 
food Whether a figure below 90 consistently indicates a nephropathy 
or a low renal reserve is the object of this study , and during the past 
two years, alkalimetry was performed on all patients whose blood and 
urinary findings suggested a nephropathy and for comparison in many 
cases in which other diagnoses had been made 

OXYDESIS IN THE NEPHROPATHIES 

The nephropathies of vascular origin were, for the purpose of this 
study, grouped according to the amount of nitrogen retention shown 
upon first examination Group 1 comprised those patients in whom 
hypertension was the sole finding Group II showed in addition to 
hypertension, a retention of nitrogen, and Group III showed hyper- 
tension, nitrogen retention and fixation of the specific gravity of the 
unne None of the patients of the last group were alive six months 
after the date of examination That the parenchymal involvement in 
these cases was minimal is assumed because there was no history of 
edema, and none was ever observed 

The nephropathies that were deemed to be predominantly paren- 
chymal in type were, for fault of a better classification, simply regarded 
as early or late cases, forming Groups IV and V, respectively Nearly 
all the patients in these groups had more or less edema, their systolic 
blood pressures were, as a rule, not high and they were, on an average, 
much younger than the patients of Groups I, II, and III 

Group VI comprised individuals on whom a definite diagnosis of 
nephropathy could not be made, in spite of proteinuria, edema or other 
suggestive symptoms 

34 MacLeod, J J R Physiology and Biochemistry in Modern Medicine, 
Ed 3, 1920, St Louis, C V Moshy Co, p 41 
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Group VII was composed of what were considered primary cardiac 
cases characterized by dyspnoea with cyanosis, feeble irregular pulse, 
subnormal blood pressure and minimal renal involvement 

The nonprotein nitrogen was determined by the tungstic acid pre- 
cipitation method of Folin and Wu,®^ and in the same filtrate the 
chlorids were titrated by the Volhard method adapted thereto by 
Rieger The bicarbonate bound carbon dioxid was determined by 
the gasometric method of Van Slyke 

DISCUSSION OF RESULTS 

Analysis of Tables 1, 2 and 3 reveals little tendency toward accumu- 
lation of acid m the nephropathies of vascular type, until a few months 
before death, when oxydesis may be definitely decreased These 
patients do not, as a rule, die of acidosis, nor uremia, but of heart 
failure and although the nonprotein nitrogen of the blood increases 
steadily up to hundreds of milligrams per hundred cubic centimeters, 
the phenolsulphonephthalem excretion drops to zero, and the blood 
chlorids maintain a high level, oxydesis, m the last few days of life, 
may increase Patients M D and C S in Group III show this 
tendency to a minor degree, while patient 7,634, Group VII, shows it 
markedly — oxydesis in the latter instance having been 105 at the time 
of death This patient was transferred from the class of vascular 
nephropathies to that of predominant cardiac disease, because of falling 
blood pressure, and oxydesis rose from 80 to 105, within four months 

Patients with marked cardiac involvement have not as a rule shown 
low oxydesis and the advanced cases cited in Group VII show an acid 
fixing ability definitely above normal This is possibly due to mobiliza- 
tion in the blood stream of alkali to equilibrate the carbonic acid retained 
through dyspnea 

In the diffuse nephropathies forming Groups IV and V oxydesis is 
definitely decreased from the onset, acid being retained along with 
salt, and less constantly, water, before there is any retention of non- 
protein nitrogen or phenolsulphonephthalem The low figures obtained 
in patients D R H -S and H H -N , both for oxydesis and blood bicar- 
bonate carbon dioxid, and in both instances within a few hours of death, 
indicated that they died in acidosis, but that does not mean that they 
died of acidosis, for D R H -D showed the same low figures two 
months before death, and D R H -S never had an oxydesis higher than 

35 Folm, O , and Wu, H A System of Blood Analysis, J Biol Chem 
38 81, 1919 

36 Rieger, J B The Estimation of Chlorids in Whole Blood, J Lab & 
Clin M 6 44 (Oct) 1920 

Slyke, D D A Method for the Determination of Carbon Dioxid 
and Carbonates in Solution, J Biol Chem 30 347, 1917 





TABLE 3— Group III Hypertension, Nitrogen Retention and Fixation of Urinary Specific Gravity 
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50 01 a bicaibonale caibon dioxid highei than twenly-foin volumes 
pel cent duiing his entiie stay of one month in the hospital At 
necropsy each of these patients showed bilateral large white kidneys 
Finally, tlieie is a laige group of patients whose symptoms suggest 
lenal disease, yet m whom the sole evidence of functional impairment 
IS decreased oxydesis Some of these are included in Gioup VI 
Neaily all show piotemuria, one oi two show hegmmng letention of 
chlorids, and thiee or foui show a slight edema 

An oxydetic value below 9 cc hundredth normal hydiochloric acid 
pel cubic centimetei blood seems, then, to be an early and constant 
sign of lenal insufficienc}'-, and in all likelihood is due to parenchymal 
disease Retention of acid in the diffuse nephi opathies appaiently 
precedes the letention of salt and water and is closel}'' i elated thereto, 
while the retention of nonpiotem nitiogen apparently does not occur 
until secondai} conti action has begun, or in the acute cases, when there 
IS marked oliguresis 

By the same token, the letention of nonprotem nitrogen is the 
earliest sign of msufificienc}’- in the vascular type of nephropathy — the 
piimanl}^ conti acted kidney, but OAvmg to tlie gieat glomerulai reseive 
of the organ, letention of acid, chlorids and watei does not occur until 
very late in the disease 

Given, then, hypertension, breathlessness and edema, alone or in 
association, oxydesis should seive as a gage of the distribution of 
disease between the vasculai bed and paienchyma of the kidney, and in 
the later stages, as a lelative measure of caidiac and lenal sufficiency 
Thus a figuie of 75 or above, with the symptoms mentioned, would 
mean piedommant vascular disease, while lower figures would indicate 
piedominant paienchymal disease A figuie of 85 oi more, together 
with breathlessness, would be taken as an indication of impending 
lieait failure 

The occurience of decreased oxydesis m conjunction with such vague 
symptoms as malaise, lassitude, pallor, slight pioteinuiia oi transient 
localized edemas, alone oi in combination, demonstiates the possibilities 
of alkahmetiy in the diagnosis of eaily diffuse nephropathies 

Indeed, m our expeiience, a deci eased oxydesis is the earliest and 
most constant sign of renal insufficiency What may be its exact 
significance cannot be stated The work of Nash and Benedict 
indicates that the kidney is a seat of ammonia formation, and Palmer 
and Henderson have shown quite conclusive!}'’ that there is, m the 
various nephropathies, a deficit m the output of urinary ammonia, bound 
with fixed acid That certain ammonium salts letained by a damaged 

38 Nash, T P Jr , and Benedict, S R The Ammonia Content of the 
Blood and Its Bearing on the Mechanism of Acid Neutralization m the Animal 
Organism, T Biol Chem 48 463 (Oct ) 1921 
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kidney can function as acid in degree sufficient to appreciably lower the 
alkali reserve, is exceedingly doubtful It is more logical to argue that 
the lesion which damages the acid excreting function of the kidney 
damages the ammonia producing function as well 

SUMMARY 

1 The greatest amount of acid that may be added to a unit volume 
of whole blood without agglutinating its erythrocytes is taken as the 
acid binding value of that blood It is designated “oxydesis ” 

2 Oxydesis m health and in the postabsorptive state is for practical 
purposes a constant For 1 c c whole blood, oxalated as described, 
it IS approximately equivalent to 9 cc hundredth normal alkali 

3 Oxydesis, below ninety (09 cc hundredth normal hydrochloric 
acid per 0 1 c c blood) appears to be an early and constant sign of 
renal insufficiency when due to a glomerular lesion 

4 In the diffuse nephropathies oxydesis is definitely increased 
before there is retention of water, chlorids, or phenolsulphonephthalein 
and long before there is nitrogen retention 

5 In the degenerative vascular nephropathies, tliere is retention 
of nitrogen before there is retention of chlorids, water or phenol- 
sulphonephthalein, and oxydesis is not definitely decreased until the 
late stages 

6 In cardiorenal disease, with preponderant cardiac involvement, 
oxydesis is normal, and in the late stages increased 

7 In cardiorenal disease, oxydesis serves as a rough gage of the 
relative involvement of heart and kidney 

8 Decreased oxydesis signifies a decreased alkali reserve, either 
because of an accumulation of aad, deficient production of ammonia 
or both 

We desire to express our thanks to Drs Bruce C Lockwood and Robert C 
Moehhg for helpful suggestions and for the use of material from their clinics 
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INTERPRETATION OF TliE WASSERMANN 

REACTION 

WILLIAM W DUKE, MD ' / 

KANSAS cm, MO 

One hesitates in the present day to write on a subject which has 
been so ably and fully discussed as the Wassermann reaction,^ and to 
acid to a literature already large During a clinical expeiience of about 
seven years, however, in which Wassermann tests have been made as a 
routine measuie in our medical examinations, we have had an unusual 
opportunity of seeing the value of the test m clinical medicine, and 

since our tests have been made with both sensitive and coarse (or 

insensitive) methods simultaneously, we have also had an oppoitumty to 
observe the value and dependability of several technics We wish, 
therefore, to present briefly data and conclusions gained fiom more than 
50,000 tests on more than 10,000 specimens of blood taken from patients 
the majority of whom we examined ourselves Oui Wassermann 
technic has been changed in some of its details from time to time 
For this reason, some of the tabulations reported are based on only 
fifteen hundred consecutive medical cases in which tlie exact methods to 
be desciibed have been used All of the patients fiom whom this data 
was obtained were examined carefully, and in our examinations we 
endeavored to disclose and recoid every abnormality which could be 
brought to light by histoiy, physical examination, special examinations, 
clinical pathology and roentgenology 

I may say at the outset that this papei presents nothing new to the 
careful serologist nor internist It is rather a compilation of statistics 
for the puipose of compaiing clinical and serologic findings It is 
written partly with a hope of helping restoie confidence in the Wasser- 
mann reaction in the minds of physicians who may have lost respect 
for the test on account of contradictory reports given them by serologists 
who have used widely differing methods 

1 It hardly comes within the scope of this paper to cite the many brilliant 
researches which have led to our present knowledge of serology m its rela- 
tionship to the diagnosis and treatment of syphilis For a review of this lit- 
erature the reader is referred to the monographs of Noguchi, Craig, Kolmer, etc 
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DEVELOPMENT OF THE WASSERMANN TECHNIC 

In the early days of Wassermann work, opinions were in harmony 
concerning the significance of a positive reaction and the relative fre- 
quency with which positive reactions were obtained in the diflierent 
stages of syphilis It was conceded by the majority of observers that 
a four plus reaction was given by few, if any, diseases other than 
syphilis , that a negative reaction did not exclude a diagnosis of syphilis , 
that the vast majority of secondary cases gave positive reactions, but 
that a smaller proportion of the primary, tertiaiy and so-called latent 
cases gave positive reactions 

The technic as originally used was relatively crude and insensitive 
The disease had to be moderately active in order to give a positive 
reaction For this reason the Wassermann test failed where it was 
most needed — ^that is, in disclosing the disease in late cases in which 
the symptoms were not well defined 

A number of unique methods were devised for making the test more 
sensitive, thereby making it possible to obtain a larger proportion of 
positive reactions in the less active cases The more important of the 
measures were the use of reenforced antigens, the use of one unit of 
complement instead of two units, and finally, incubation at icebox 
temperature in place of incubation at a temperature of 38 C These 
modifications made it possible to carry out a Wassermann reaction 
which was far more delicate than tests carried out by the method as 
originally described The great ad\^ntage derived from the modifications 
was a test which would give positive reactions in the vast majority of 
cases of sypluhs whether early or late It was offset by a serious 
disadvantage — namely, unreliability With the modified method, posi- 
tive reactions were obtained in a certain proportion of patients who did 
not have demonstrable syphilis 

At the present time one or all of the modifications mentioned are 
used in some laboratories, while in others the test used is not materially 
different from the original Wassermann test The result is that m 
some laboratories a method is used which is much more sensitive than 
that used in other laboratories Unfortunately, results aie reported 
by the majority of laboratories in the same symbols as those used early 
in Wassermann work — namely, negative, one plus, two plus, three plus 
and four plus, regardless of whether the test used is comparatively 
insensitive, as was the original Wassermann test, or exceedingly 
sensitive As a result, practitioners at the present time may send blood 
to several laboratories and receive a different report from each 

Disagreements of this sort have caused a plea from all quarters for a 
standard test which might make it possible for all laboratoiies to obtain 
uniform results Such disagreements have also induced a prevalent 
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belief among physicians in many localities that the Wassermann test is 
almost woithless, that it is meiely a symptom of disease, and an 
iinieliable one at that What is to blame for this situation^ 

In my opinion it is not due so much to the use of the unique 
impiovements m technic which have made the test moie sensitive, noi 
to the lack of a standard test, as to the fact that all Wasseimann 
leactions, whethei obtained by sensitive oi insensitive methods, aie 
lepoited m the same technical and inadequate teims — one plus, two 
plus, thiee plus and four plus Some of the discrepancies would he 
avoided if the lepoits were made in plain English words which would 
have the same meaning to all sexologists and to all physicians, such, 
foi example, as doubtful, weakly positive and stioiigly positive A 
lesult labeled stiongly positive would suiely nevei be lepoited oi 
accepted on the basis of a foui plus reaction obtained by the moie 
sensitive methods 

The ideal Wasseimann leaction, unfoitunately, can ncvei be leahzed 
thiough the use of any one single test, no mattei what technic is used 
An ideal Wassermann test would be one sensitive enougli to come out 


TABLE 1 — DrscKiPTioN oi Ti srs 1 to 5 



Test 1 

Test 2 

'lest S 

'lest 1 

'J ost j 

Antit'cn 

Cliolestci 
Ini/ccl 0 1% 

Ciiolestei 
ini/cd 0 2% 

Ciiolestcr 
inucci 0 2% 

Acetone 

insoluble 

Ueolioiie 

estrnet 

Complciiienl 

1 unit 

1 unit 

2 units 

2 units 

2 units 

Scnsilucness of test 

ENtieinoly 

sensitive 

Vciy sensi 
live 

Model atcly 
sensitive 

Model (It ely 
sensitive 

Jloderiitoly 

sensitieo 


positive 111 eveiy case of syphilis, whether eaily oi late, and, at the 
same time, so insensitive as to nevei give a false positive Such a test 
IS theoi etically and piactically impossible A test sensitive enough to 
come out positive almost invaiiably m patients with late syphilis is, 
of necessity, so sensitive that it will come out positive m a ceitain 
propoition of patients not afflicted with syphilis As a practical altei- 
native, I have used a five tube test Two of the tubes aie sensitive 
enough to give a positive lesult in the great majoiity of patients with 
syphilis, whethei eaily oi late, two tubes are so coarse, oi insensitive, 
as viitually nevei to give a false positive lesult, and one tube is 
mtei mediate 

MEfllOD 

My plan foi setting up Wasseimann tests may be ciiticizcd as being 
unnecessaiily complex At the same time, it has given me an unusual 
oppoitumty of obseiving the clinical significance of several types of 
technic 

Briefly the method is as follows Tube 1 contains cholesteiinized 
antigen (0 4 pei cent ) with one unit of complement Tube 2 contains 
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cholesterimzed antigen (0 2 per cent ) with one unit of complement 
Tube 3 contains cholestennized antigen (0 2 per cent ) with two units 
of complement Tube 4 contains acetone insoluble antigen (noncho- 
lesterinized) with two units of complement Tube 5 contains alcoholic 
extract (noncholesterinized) with two units of complement 

From one-fourth to one-fifth of a slightly anticomplementary quan- 
tity of antigen was used in tube 1 and from one-fifth to one-eighth 
(this has been changed from time to time) in tubes 2, 3, 4 and 5 , 005 
c c of inactivated patient’s serum was used in all tubes , total volume 
of tests 1 25 c c , incubation icewater bath at 8 C one hour , sheep 
system ^ 

While this method is rather complex it presents one real advantage, 
namely, its scope It includes two tests which are exceedingly sensitive, 
two tests which are moderately coarse, and one intermediate test 

THE COMPARATIVE DELICACY OF DIFFERENT WASSERMANN 

METHODS 

The comparative delicacy of the five tests described is shown in 
Tables 2 and 3 In these two tables, however, two tubes were added to 
the five ordinarily used The technic used in these two additional tests 
(Tests 6 and 7) was the same, respectively, as that used in Tubes 4 
and 5, except that they were incubated at 38 C instead of 8 C , as were 
tubes 1, 2, 3, 4 and 5 Two known positive specific bloods were titrated 
down with the technic of each test (Tests 1 to 7) starting with 0 1 
c c of blood serum and ending with %ooo c c By noting the smallest 
quantity of serum requited to give a four plus reaction in each tube 
one can observe the relative delicacy of each of the seven methods 

Test 7 (Table 2) gave a four plus reaction with c c of blood, 
while approximately one-half this amount, or %oo c c , was sufficient 
to give a four plus reaction in tests 4 and 5 (same tests as 5 and 7, 
except foi the use of icewater bath incubation) , approximately 
one-fourth that amount, or % 2 o c c , was sufficient to give a four plus 
reaction in test 3 (same test as 4 and 5, except for the use of cho- 
lesterinized antigen) , approximately^ one-eighth this amount, or % 4 o 
cc, was sufficient to give a four plus reaction m test 2 (same as 
test 3, except for the use of one unit of complement instead of two 
units) , and approximately’^ one-sixteenth this amount, or % 2 So ^ ^ > 
was sufficient to give a four plus reaction with test 1 (same as test 
2, except that more antigen and more cholesterin was used) In other 
words, the technic used m test 1 was approximately sixteen times as 
sensitn e as that of tests 6 and 7, which have relatively the same delicacy 

2 Duke, W W Ice Water Bath in Complement Fivation for the Was- 
sermann Reaction A Shortened Technic, Am J Syph 5 312 (April) 1921 
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TABLE 2 — Titrations of a Strong Positive Blood by Seven Different 
Technics to Show Their Comparative Delicacy 



Technic 1 

Technic 2 

Technic 3 

Technic 4 

Technic 5 

Technic 6 

Technic 7 

Antigen 

0 4% 0 

0 2% C 

02% C 

Non 

cholester- 

inized 

Non- 

cholester 

inized 

Non- 

cholester- 

inized 

Non 

cholester 

inized 

Complement 

lU 

lU 

2U 

2U 

2U 

2U 

2U 

Temp of fi\ ition 

SC 

S C 

S C 

8 0 


37 5 C 

37 5 0 

Scrum, C c 








1 10 

4+ 

4+ 


4-f 

4-f 

4-f 

1-1- 

1 15 

4+ 

4+ 


4-f 

4-f 

4-f 

4-f 

1 20 

4+ 

4 + 


4-f 

4-f 

4-f 

4-f 

1 30 

4+ 

4J- 


4-f 

4-f 

4-f 

4-1- 

1 40 

4+ 

4+ 

4-1- 

4-f 

4-f 

4-f 

4- 

1 GO 

4+ 

4 + 

4-f 

4-f 

4+ 

4-f 

4^ 

1 SO 

4+ 

4+ 

4-f 

4-f 

4-f 

4-f 

4- 

1 120 

4+ 

4+ 

4-1- 

4-f 

4-f 

3-r 

3- 

1 ICO 

4+ 

4+ 

4-1- 

4-f 

4-f 

2-f 

— 

1 240 

4 + 

4 + 

4-f 

2-f 

2-f 

— 

— 

1 320 

4+ 

4-1- 

4-f 

— 

— 


— 

1 4S0 

4 + 

4-1- 

1-f 

— 

— 



1 G40 

4+ 

4-4- 

— 

— 

— 

— 


1 960 

4+ 

3-}- 

— 

— 

— 

— 

— 

1 12S0 

4 + 

2-f 



— 

— 


— 

1 1450 

2+ 

1-^ 

— 

— 

— 


— 

1 ICOO 

1+ 



— — 





TABLE 3 — Titrations or a Strong Positwe Blood by Seven Different 
Technics to Show Their Comparative Delicacy Technics 

Described Below 



leehnic 1 

Technic 2 




lechn c 6 

Technic 7 

Antigen 

0 4% 0 

0 2%C 

0 2%O 

Non 

Non- 

Non 

Non 



cholestei- 

cholester- 

cholester- 

cholester 





inized 

inized 

inized 

inized 

Complement 

lU 

lU 

2U 

2U 

2U 

2U 

2U 

Temp of fl\^tlon 

SC 

SC 

SC 

8 C 

8 0 

37 5 0 

37 5 C 

Serum, C c 








1 10 

4-f 

4-f 

4-f 

4-f 

4-f 

4-f 

3- 

1 15 

4-f 

4-f 

4-f 

4-f 

4-f 

3-f 

2-1- 

1 20 

4-f 

4-f 

4-f 

4-f 

4-f 

1-f 

i-i- 

1 30 

4-f 

4-r 

4-f 

4-f 

4-f 

— 

— 

1 40 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

— 

1 CO 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

— 

1 80 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

— 

1 120 

4-f 

4-f 

4-f 

3-f 

3-f 

— 

— 

1 ICO 

4-f 

4-f 

4-f 

— 

— 

— 

— 

1 240 

4-f 

4-f 

1-f 

— 

— 

— 

— 

1 320 

4-f 

3-f 

— 

— 

— 

— 

— 

1 480 

4-f 

1-f 

— 

— 

— 

— 

— 

1 G40 

2-f 

— 

— 

— 

— 

— 

— 

1 9G0 

1-f 

— 

— 

— 

— 

— 

— 

1 1280 

— 

— 

— 

— 

— 

— 

— 

1 1440 

— 

— 

— 

— 

— 

— 

* — 

1 1600 
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as the original Wassermann A number of similar titrations rvitli 
difierent specimens of blood have shown essentially the same result 
With othei bloods, however, a much greater difference was frequently 
encountered between tests 4 and 5, on the one hand, and tests 6 and 
7 on the other (where warm water bath fixation was used) Table 3, 
for example, shows that tests 4 and 5 were about eight times as sensitive 
as were tests 6 and 7 

One might point out another factor of interest which can be observed 
in these tables, namely, the relatively small difference in the amounts 
of serum required to give a four plus and a one plus reaction by each 
test Regardless of technic, a four plus reaction was given by little 
or no more than twice the amount of serum required to give a one 
plus reaction The difference, then, between a one plus reaction and 
a four plus reaction is not great, in fact, a one plus reaction by 
technics 4, 5, 6 and 7 has much more real significance than a four 
plus reaction given by technics 1 or 2 

It may be repeated here, that in some laboratories a four plus 
leaction is reported on the basis of a result obtained by a test as 
delicate as my tube 1, while m other laboratories a four plus reaction 
IS reported only on the basis of a four plus reaction obtained by a 
test lelatnely as coarse as that described for tubes 4 and 5, or, in 
some laboratories, even as coarse as tubes 6 and 7 So long as this 
is the case, and results are leported regardless of technic in the same 
technical terms — one, two, three and four plus, opinions will differ 
concerning the reactions given by doubtful and weakly positive bloods 

STATISTICS 

My statistics aie based on a study of patients referred to me for 
general medical examination So few were referred because of primary 
or secondary syphilis that this type of case can virtually be excluded 
from the tabulations The statistics are based on a study of miscellaneous 
chionic medical cases, in 10 7 pei cent of which active syphilis was 
demonstiable and a very large per cent of these showed involvement 
of the central nervous system 

To gn e the IVassermann reaction its propei place in a clinical 
diagnosis one must know the actual value and significance of a positive 
leaction and of a negative leaction for the method used This varies 
greatly with different methods Unless one lealizes this fact, and 
understands exactly what his positive and his negative reactions indi- 
cate, the Wassermann reaction may be very misleading, as is shown 
by the data obtained with the different tests as reported m Tables 4 
and 5 

Test 1 gave a four plus reaction in 95 per cent of patients in whom 
srphilis uas found clinically It was from one to three plus in 4 per 
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cent of the lemaining 5 per cent, and negative in less than 1 per cent 
In fact, we have on oui lecoids only two patients who had syphilis 
positively proven (and who were not recently treated) who gave a 
flat negative reaction with test 1 These two patients had very active 
syphilis, both recoveied undei treatment but gave persistently negative 
Wassermann leactions with both blood and spinal fluid Test 1 gave 
a four plus reaction in 31 5 per cent of consecutive medical cases 
with miscellaneous diseases (including syphilis), and in these cases 
syphilis was found clinically in only 32 2 per cent The foui plus 
reactions given by this technic were, therefore, false positives in 67 S 
pei cent of cases It is quite evident, therefore, that while a negative 
reaction with test 1 is of great value m the exclusion of syphilis (error 


TABLE 4 — Percentage or Posittv'e Reactions Given by Tests 1 to S un 
Miscellaneous Medical Cases (Including Syphilis) and in Patients 
WITH Stphilis, Also the Apparent Percentage or False Positives 



Test 1 



Test 4 

Test 5 

4+ reactions m miscellaneous 
medical cases 

31 5% 

13 2% 

8 5% 

6 2% 

5 8% 

4+ reactions in patients with 
svphilis 

93 % 

Si % 

V5 % 

59 % 

57 % 

Percentage of false positives 
given by tests 

ov s% 

1 

34 % 

7 3% 

Less tinn 

Less than 

2% (’) 

1% C) 

TABLE S— Percentage 

or False 

Positives 

Given by 

THE Four 

Types or 


Reaction Shown Below These Percentages Differ from Those of 
T VBLE 4, Line 3, but Are Believ'ed to Picture More Correcti y the Actu vl 
V viUE or thl Positive Revctions for Each Test 


lest 1 

lest 2 

Test 3 

Test 4 ' 

j Test 5 

False Positives 

4-1- 








93 5% 

4-f 

4-i- 

— 

— 

— 

79% 

4-1- 

i+ 

4-f 

— 

— 

30% 

4 4* 

1 

i + 

4-1- 

4 + 

1 

4-1- 

Less than 2% 


vzry small), a positive leaction is of no value whatever in its positive 
diagnosis 

At this point, I wish to call attention to a very misleading fact 
I staled that more than 67 per cent of the four plus reactions obtained 
with test 1 were apparently false positives While this is true, the 
impression conveyed is incorrect To know the dependability of a 
four plus reaction with a given test (for example, test 1) one must 
not tabulate all cases which give a four plus reaction with that test 
(including both strongly positive and mildly positive bloods) but must 
take only such bloods as give a four plus reaction by this technic 
alone — that is, bloods which are too mildly positive to give a four plus 
reaction with the less sensitive tests To repeat for the sake of clear- 
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ness, it IS necessary, m order to determine the actual value of a positive 
reaction with a given technic (such as that of test 1) to exclude from 
the tabulations bloods which give strong positive reactions (such as 

4 ^ 4 _)_ 4 4 -)- 4 .-j- or 4 + 4 + 4 H , etc , by the five tube 

test) Conclusions must be drawn only from bloods which give 4 + 

reactions We have compared bloods which gave this latter 

t^pe of reaction (namely 4 4 ) with clinical findings in a 

large series of cases, and, surprising to relate, only 6 5 per cent of 
the patients had syphilis which could be demonstrated by other means , 
in other words, actually 93 5 per cent of the positives of this type were 
apparently false positives We believe, therefore, that a test so sensi- 
tive as that obtained by the use of a 0 4 per cent cholesterinized antigen, 
wnth one unit of complement and icewater bath incubation, is absolutely 
worthless so far as the positive diagnosis of syphilis is concerned A 
negative reaction, however, is very useful in the exclusion of syphilis 
The results obtained with test 2 were, much the same as those 
obtained wnth test 1 This test came out four plus in 84 per cent of 
patients who had positively proven syphilis, and in 13 2 per cent of 
medical patients with miscellaneous diseases (including syphilis) Of 
this 13 2 per cent , syphilis was found in only 66 per cent The four 
plus reactions given by test 2, theiefore, were false positives in 34 
per cent of cases This latter figure also gives an erroneous idea 
concerning the leliability of a positive reaction with technic 2 As 
pieviously stated, the reliability of a test must not be based on a 
tabulation of all bloods wdiich give a positive reaction with that test 
but onl} those which aie sufficiently positive to give a positive reaction 
with that test , in other w ords, on bloods which give positive reactions 
with tests 1 and 2 with negative reactions with tests 3, 4 and 5 In 

bloods of this type (i e 4 4 4 ) syphilis was demonstiated 

in only 21 per cent — that is, of the positives of this class 79 per cent 
were apparently false positives Test 2, therefore, in which 0 2 per 
cent cholesterinized antigen was used wnth one unit of complement 
and icewater bath incubation, wmuld appear to be worthless in the 
positive diagnosis of syphilis A negative reaction with this test is of 
less value in the exclusion of syphilis than with test 1 

The most interesting and also the most misleading statistical facts 
were obtained through tabulations of test 3 Test 3 came out four 
plus in /5 per cent of patients wdio had proven syphilis It came 
out four plus in 8 5 per cent of miscellaneous medical cases (including 
syphilis) Of these positives syphilis was found in 92 7 per cent 
Only 7 3 per cent of positives with test 3, therefore, were false posi- 
ti\es The reliability of positives with test 3, however, cannot be 
based on these statistics While the facts are correct, the impression 
gnen by them is most erroneous Of the patients who gave four plus 
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leactions with tests 1, 2 and 3, with negative leactions with test^ 4 

and 5 (that is 4 -|- 4 -}- 4 ) syphilis was demonstiated in only 

70 pei cent , in other words, of the bloods barely strong enough to 
give a positive four plus with tests 1, 2 and 3 (that is 4’-l- 4-}- 4 

), 30 per cent were false positives We believe, therefore, that 

test 3, can led out with choleslerinized antigen (0 2 per cent ), two units 
of complement, and icewatei bath fixation, is of no value as a diag- 
nostic test It appears fiom the data at hand to be the bordeihiic test 
which IS to sensitive to give reliable positives and too coaise to give 
dependable negatives 

Tests 4 and 5 came out foui plus m only 59 and 57 per cent , 
respectively, of patients having demonstiable syphilis They came out 
negative to three plus m 41 and 43 per cent, i espectively, of peisons 
111 whom syphilis was demonstiated clinically In marked contrast 
with the pievious tests, they gave no definitely proven false positives 
so fai as I have been able to detciminc I demonstiated the piesence 
of active syphilis through history, physical examination, lumbai punc- 
tuie 01 theiapeutic test m 98 pei cent of patients who gave this type 
of leaction (namely 4-}-4-}-4-j-4“l-4-T) In the lemaining 2 
pei cent, syphilis was not pi oven I must add, howcvei, that this 
2 per cent of cases were not adequately examined on account of 
insufficient time or lack of cooperation on the pait of the patient Tests 
4 and 5 in which noncholcsterinized antigens weic used with two units 
of complement and iccwatei bath incubation, appeared to be the most 
sensitive technics which could be used if leliablc positives weie to be 
obtained In fact, if I weie to altei my technic at the present time, 
I would, foi the sake of dependability, make tests 4 and 5 a little less 
sensitive I must admit also that while I stated that four plus reactions 
111 tubes 4 and 5 weie almost pi oof positive of syphilis the actual 
dependability of these two tests could be more accuiatcly estimated by 
examination of a gioup of patients who gave four plus leactions m 
these two tubes with negatives m tests a little less sensitive Unfoitu- 
nately I have no statistics of this soit to tabulate 

FALSE POSITIVE REACIIONS WITH TESTS 1, 2 AND 3 

As stated pieviously, tests 1, 2 and 3 give a suiprisingly laigc 
number of positive reactions m subjects m whom specific disease could 
not be demonstiated by other means In such persons these tests came 
out positive much more fiequently when they were ill and visited a 
doctor for this reason than when they weie tested as candidates to 
be donois for blood transfusion (appaiently healthy peisons) It was 
also observed that false positives of this type weie obtained more 
frequently in patients with goiter (legardless of size and toxicity), 
extieme ptosis, active tubei culosis, chronic sepsis, hypertension, perni- 
cious anemia, diabetes and atrophic arthritis than in persons who did 



540 


ARCHIVES OF INTERNAL MEDICINE 


not have these diseases These facts were of only passing interest so 
that the cases were not tabulated carefully foi the purpose of getting 
accurate statistics In none of this gioup of cases which gave false 
positives with tests 1, 2 and 3, inclusive, but in which syphilis was not 
demonstrable, were tests 4 and 5 positive 

In Table 6 are recorded twenty-five consecutive cases of tuberculosis 
(clinically free from syphilis) and twenty-five consecutive cases of late 
syphilis with the respective Wassermann reactions It is interesting 
to contrast the tuberculous cases with their many false positive reactions 
in the sensitive tubes with the large per cent of strongly positive 
reactions given by patients with syphilis 

It IS of interest to illustrate by titration (Table 7) the large amount 
of complement fixing body contained in blood obtained from patients 
having syphilis as compared with the small amount of complement fixing 
body contained in the blood of nonsyphihtic goiter cases giving false 
positives with such sensitive tests as 1 and 2 Table 7 presents a 
comparison of three bloods (A, B and C) taken from patients with 
syphilis titrated down with the technic of test 1 For comparison are 
gii^en titiations b} the same method of three bloods taken from goiter 
patients (X, Y and Z) who weie clinically free of syphilis but who 
gave false positives with tests 1 and 2 

The three bloods taken from patients with syphilis gave four plus, 
reactions even when mfinitesmal amounts of serum were used Blood 
A, foi example, gar e a four plus reaction \rnth %ooo c c of serum , 
blood B with Yxsoo c c , blood C with 3450 c c of serum In contrast 
with these, each of three goiter cases (X, Y” and Z) gave four plus 
reactions with 34o c c of blood but titrations showed that even as much 
/4oo c c gave negative results This table illustrates how trifling 
IS the reaction of a false positive blood as compared with the blood of 
a patient with syphilis I have frequently examined patients who 
have been told that their blood gave a four plus reaction and on titrat- 
ing ve found a mild reaction (such as X, Y and Z) and in diagnostic 
tests found that they gave four plus reactions with test 1 or tests 1 and 
2 with negatives in tests 3, 4 and 5 Positive reports based solely on 
positive findings with sensitive tests may be very misleading 

It can readily be understood after perusal of Table 7 that the four 
plus reactions of goiter bloods (X, Y and Z) might be four plus one 
day and flatly negative the next, if only sensitive tests be used Patients 
who have so little complement fixing body m their blood as these might 
easil)'^ have just enough to give a positive reaction one day by a sensi- 
tne test and none at all the next day In fact, I have frequently 
encountered bloods of this sort One could judge, however, from these 
titrations (A, B and C) how difficult it would be for a real case of 
syphilis having actually a strongly positive test to give a positive reaction 
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TABLE 6 — Wassermann Reactions Given by Twenty-Five Consecutive 
Cases Each of Tuberculosis and Syphilis 


Ko 



Sjphihs 




Tuberculosis 



Test 2 

Test 3 

Test 4 

Test 5 

Test 1 

Test 2 

Test 3 

Test 4 

Test 5 

1 

mm 

4 + 

4 + 

4+ 

4+ 

3+ 

— 







o 


4+ 

4+ 

3+ 

1 + 

— 

— 

— 

— 

— 

3 


4 + 

4 + 

4-i 

4 i 

l-f 

— 

— 

— 

— 

4 

4+ 

4+ 

4+ 

— 

— 

4-t- 

4-f 

— 

— 

— 

5 

4 + 

4+ 

4+ 

4 + 

4+ 

4-f 

34- 


— 

— 

6 

4 + 

4 + 

4+ 

4+ 

4+ 

— 

— 

— 

— 

— 

7 

4+ 

4+ 

4+ 

4+ 

4 + 

4-f 

4-f 

4-f 

— 

— 

s 

4+ 

4+ 

4+ 

4+ 

4+ 

4-f 

— 

— 

— 

— 

9 

4+ 

4+ 

4+ 

1+ 

— 

— 

— 

— 



— 

10 

4+ 

4+ 

2+ 

— 

— 

— 

— 

— 

— 


11 

4 + 

4+ 

4+ 

4+ 

4-t- 

4-f 

— 

— 

— 

— 

12 

4+ 

4+ 

— 

— 

— 

— 

— 

— 

— 


13 

4 + 

4+ 

4 + 

4+ 

4+ 

4+ 

4-f 

— 

— 


14 

4+ 

4+ 

4+ 

4+ 

4+ 

4-f 

4-f 

— 

— 

— 

15 

4 + 


— 

— 

— 

— 

— 

— 

— . 

— 

16 

4+ 

4+ 

4 + 

2+ 

1 + 

4-f 

4-f 

— 

— 


17 

4 + 

4+ 

4+ 

4+ 

4+ 

— 

— 

— 


— 

18 

4+ 

4+ 

4+ 

— 

— 

— 

— 

— 

— 

— 

19 

4+ 

4+ 

4+ 

4+ 

4+ 

4-f 

3-f 

— 

— 

— 

20 

3+ 

1+ 

— 

— 

— 

— 

— 

— 

— 

— 

21 

4+ 

4+ 

4+ 

4+ 

4+ 

— 

— 

— 

— 

— 

22 

4+ 

4+ 

4+ 

4+ 

4+ 

4-f 

— 

— 

— 

— 

23 

4+ 

4+ 

4+ 

4+ 

4+ 


— 

— 

— 

— 

24 

4 + 

4+ 

4 + 

2+ 

14 - 

S-f 

— 

— 

— 

— 

25 

4 + 

4 + 

3 + 


— 

2-f 






TABLE 7 — Comparison by Titration of Strong Positive Specific Bloods 
WITH Those of Goiter Patients Who Gave False Positive Reactions 
WITH Test 1 


strong Positive Scrums Goiter Coses (With False Positive 

(Three Svphihtic Cases) Reaction m Test 1) 


Serum 

A 

B 

0 

Dilution 

X 

Y 

Z 

1 lOe c 

4-f 

4-f 

4-f 

1 10 c c 

4-f 

4-f 

44~ 

1 15 c c 

4-f 

4-f 

4-f 

1 15 c c 

4-f 

4-f 

44* 

1 20 c c 

4-f 

4+ 

4-f 

1 20 c c 

4-f 

4-f 

4-f 

1 30 c c 

4-f 

4-f 

4-f 

1 30 c c 

4-f 

4-f 

4-f 

1 40 e c 

4-f 

4-f 

4-f 

1 40 c c 

4-f 

4-f 

4-1 

1 GO e c 

4-f - 

4-f 

4-f 

1 60 c c 

4-f 

2-f 

1-*- 

1 80ec 

4-f 

4-f 

4-f 

1 80 c c 

2-f 

— 



1 120 c c 

4-f 

4-f 

4-f 

1 120 c c 

— 

— 

— 

1 160 c c 

4-f 

4-f 

4-f 

1 160 c c 

— 

— 

— 

1 240 c c 

4-f 

4-f 

4-f 





1 320 c c 

4-f 

4-f 

4-f 





1 480 c c 

4-f 

4-f 

4-f 





1 640 c c 

4-f 

4-f 

4-f 





1 960 c c 

4-f 

4-f 

4-f 





1 1280 c c 

4-f 

4-f 

3-f 





1 1500 c c 

4-f 

4-f 

3-r 





1 1750 c c 

4-f 

3-f 

2-f 





1 2000 c c 

4-f 

1-f 

2-f 





1 2500 e c 

4-f 

1-f 

— 





1 3000 c c 

4-f 

— 

— 





1 4500 c c 

4-f 

— 

— 





1 6000 c c 

4-f 

— 

— 





1 7500 c c 

2-f 

— 

— 





1 9000 c c 









I 
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one day and a negative reaction the next, (except possibly after the 
use of alcohol-Craig) for in the ordinary diagnostic test %o c c or more 
of blood IS usually used I have never encountered a blood which 
gave a real positive test (a four plus reaction in all five tubes) which 
became negative except after weeks or months of time or treatment 
It has not been rare in my experience, however, for a four plus in 
test 1 with negatives in tests 2, 3, 4 and 5, to change after a week or 
so to a flat negative 

I might also point out (using Table 7 as an example) how need- 
less it IS to use in a diagnostic test an amount of serum much greater 
than about cc when it is possible to devise a technic so delicate 
that as little as yoooo c c has been known to give a four plus reaction 
The use of large amounts of blood serum unfortunately gives rise to 
sources of error due to anticomplementary bodies, natural antisheep 
amboceptor, etc These sources of error are reduced when small quanti- 
ties of the patient’s serum are used m the tests 

THE INTERPRETATION OF POSITIVE, NEGATIVE AND DOUBTFUL 

REACTIONS 

It seems that the nearest one can approach the ideal Wassermann 
test at present is, first, to employ one or more tests sensitive enough 
to come out four plus in a great majority of cases of syphilis , second, 
to employ one or more tests so coarse or insensitive that they will 
under almost no circumstances give a false positive , third, to employ an 
intermediate test which is reasonably delicate and reasonably coarse, and 
which can be observed and taken with a gram of salt When tests 
are carried out in this way, clean cut definite information can be gained 
x-Vctive syphilis can be excluded almost entirely (error very small) if 
every test comes out flatly negative Syphilis is almost proven posi- 
tively if every test results m four plus Difficulty arises when the 
delicate tests are positive, and the coarse tests are negative In this case 
syphilis is neither proven nor disproven Such a reaction, according 
to my experience, must be termed “doubtful” or “suspicious” and had 
better be excluded from use in diagnosis The diagnosis of syphilis 
in patients giving doubtful reactions of this sort is subject to smaller 
error if based entirely on history, physical examination, lumbar puncture 
or the therapeutic test 

SERUM TITRATIONS AS A GUIDE IN THERAPY 

While m my own work I use the term strongly positive in discuss- 
ing bloods which give four plus reactions m all five tubes, I realize 
that in order to determine the real strength of a positive blood and 
call It actually strongly positive one must titrate (Tables 2 and 3) This 
is of more value in followiiW the treatment, however, than it is in 
making a diagnosis 
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This paper deals primarily with the Wassermann test as a diagnostic 
measure However, I cannot refrain from saying something about the 
value of serum titrations as a guide to treatment and the inadequacy 
of a simple diagnostic technic for this purpose Tables 8 and 9 show 
how confusing the Wassermann results may be in judging the result 
of treatment unless titrations are made I have followed this procedure 
as a routine for two years in the majority of specific cases under my 
care and the titrations are shown in Tables 8 and 9 as a typical example 

TABLE 8 — Wassermann Results of the Five Tube Test in a Patient 
Under Treatment from April to March (Eleven Months) Note 
Absence of Apparent Improvement and Compare with Titration Results 
Made Simultaneously Shown in Table 9 



April 

June 

Julj 

Aug 

Oct 

Tan 

Feb 

March 

0 4% cliolesterinizcd antigen 

4 + 

4+ 

4+ 

4-i- 

4-f 

4-f i 

4-f 

4-f 

0 2% cholcsterinized antigen 

4+ 

4+ 

4+ ' 

4-i- 

4-f ' 

4f 

4f 

4-f 

0 2% eholestorinized intigen 

4+ 

4+ 1 

4-r 

4-f 

4-f 

4-f- 

4f 

4-f 

(2 D complement) 

Acetone inEoluble 

4 + 

4+ 

i 

4-1- 

4-f 

4-f 

4-f 

4 -\~ 

3-f 

Alcoholic extract 

4+ 

4+ 

4-f 

4-f 

4-f 

4-f 

3f 

1-f 


TABLE 9 — Wassermann Titrations Made Simultaneously with Diagnostic 
Tests Shown in Table 8 Note Marked Improvement Which Was Not 
Shown by the Diagnostic Reactions 


Scrum 

— 


Aug 

Oct 

Jan 

Feb 

March 

1 lOcc 

1-f 

40. 

4-f 

4-f 

4-f 

4-f 

4-f 

1 15cc 

4-f 

4-f 

4-f 

4-f 

4-f 

4-1 

1-f 

1 20 c c 

4-f 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

1 30 c c 

4-f 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

1 40 c c 

4f 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

1 00 c c 

'-f 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

1 SO c c 

4-f 

1-f 

4-f 

4-f 

4-f 

4-f 

— 

1 120 cc 

4-f 

4-f 

4-f 

4-f 

4-f 

3-i 

— 

1 100 c c 

4^- 

4-f 

4-f 

4-f 

4-f 

1-f 

— 

1 240 e c 

4-f 

4-f 

4-f 

4-f 

4-f 

— 

— 

1 320 cc 

4-f 

4-f 

4-f 

4-f 

3-f 

— 

— 

1 480 c c 

4-f 

4-f 

4-f 

4-f 

1-f 

— 

— 

1 C40cc 

4-f 

4-f 

4-f 

2-j- 

— 

— 

— 

1 oroc c 

4-f 

4-f 

4-f 

— 

— 

— 

— 

1 12E0 c c 

4-i- 

4-f 

4-f 

— 

— 

— 

— 

1 1500 c c 

4-f 

4-f 

2-f 

— 

— 

— 

-f 

1 1750 c c 

4-f 

4-f 

1-f 

— 

— 

— 

— 

1 2000 c c 

4-f 

3-f 

— 

— 

— 

— 

— 

1 2500 C C 

2-f 

1-f 

— 

— 

— 


— 

1 3000 C c 

— 



— 

— 

— 


* 

1 4500 c c 









Table 8 shows Wassermann results obtained with the five tube diag- 
nostic test previously described used on a patient under treatment at 
different dates (April to March) During this period of eleven months 
the patient was under antispecific treatment and improved clinically 
It can be noted, however, that during this entire period tests 1, 2 and 3 
were all unchanged They were four plus in the beginning of treat- 
ment and four plus at the end of this period Test 4 showed no change 
for eleven months when it became three plus instead of four plus 
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Test 5 showed no change for ten months when it became less stiongly 
positive Should one have this chart alone he might wonder why this 
patient had not shown more improvement serologically during this 
peiiod Was he a Wassermann-fast case, an incurable cerebral case, 
or what? A different impression is gained from Table 9 which gives 
the result of serum titrations earned out simultaneously with the diag- 
nostic tests It shows that in April the patient gave a four plus reac- 
tion with %ooo c c of serum , in August with %oo c c , m January with 
Yoqo c c , in February with %oo c c and that m March %o c c of serum 
was required to give a four plus reaction (I have chosen arbitrarily 
the set-up of test 3 for serum titrations) In other words, between July 
and February almost no improvement was shown serologically by the 
ordinary diagnostic tests (Table 8) , whereas titrations disclosed the fact 
that the patient had only JJooo tbe amount of complement fixing body 
in his blood in March as he had at the beginning of treatment In other 

TABLE 10 — Example of a So-Called Wassermann-Fast Case Serum Was 
AT No Time Intensely Positive However, It Was Not Materially 
Altered During Eleven Months by Many Different Plans of Treat- 
ment Case Appears Clinic^lli to Be One of Impending Paresis 


Serum 

M ircli 

\pril 

Mn 

“Ing 

Sept 

Dec 

Vet) 

1 lOo c 

4+ 

4+ 

4-1- 

i+ 

44- 

44- 

44- 

1 15 e c 

4+ 

4+ 



44- 

44- 

44- 

1 20cc 

4+ 

4+ 

4+ 

i+ 

44- 

44- 

44- 

1 SOcc 

4+ 

4+ 

4+ 

44- 

44- 

34- 

44- 

1 40CC 

4+ 

4+ 

4-t- 

44- 

44- 

24- 

44- 

1 60ce 

4+ 

4+ 

4-1- 

44- 

44- 



44- 

1 SOcc 

4+ 

4+ 

2-F 

24- 

44- 



24- 

1 120 c c 

3+ 

3+ 



24- 

— 

— 

1 160 c c 










1 210 c c 


— 

— 


— 


— 


words, instead of being serologically unfavorable, he was actually favor- 
able, considering the fact that he was a late case In following therapy 
be means of the Wassermann reaction, the occasional sending of blood 
to a laboratory or to several laboratories for Wassermann tests may 
give the poorest possible information concerning the results of therapy 
and concerning prognosis, unless the physician acquaints himself with 
the type and delicacy of the method used by his laboratory consultant 
Both patient and physician can be unnecessarily discouraged and misled 
by the continued finding of a four plus reaction obtained by a sensitive 
method 

Repeated titrations on patients under treatment make the so-called 
Wassermann-fast case appear much less common The blood illustrated 
in Table 9 would appear (falsely) to be Wassermann-fast if the diag- 
nostic tests 1, 2 or 3 alone had been used In Table 10 is shown what 
appears to be an example of a real Wassermann-fast case This patient 
(with impending paresis) had been under treatment for months before 
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he came under obseivation While under my caie he showed practi- 
cally no impiovement, although many different plans of theiapy were 
employed Repeated tests made over a period of eleven months showed 
that the blood serum, although at no time intensely positive, was almost 
as strongly positive at the end as it was at the beginning of tieatment 
(it gave a foui plus leaction with %o cc of seium) In fact, at no 
time was the Wassermann reaction i educed to the point where less than 
%o c c would give a four plus leaction with test 3 Failuie to improve 
sei ologically is a bad piognostic sign A patient who persistently, and 
m spite of tieatment, fails to improve sei ologically, or who improves 
while undei treatment and quickly diops back (m from one to thiee 
months) when treatment is discontinued, does not do well eventually, 
as a lule 

SUMMARY AND CONCLUSIONS 

The ideal Wasseimann reaction is the lesult of a test sensitive 
enough to be positive in eveiy case of active syphilis and negative in 
patients not afflicted with syphilis Such a test, however, is a theoietical 
and practical impossibility A test sensitive enough to be positive m 
the gieat majority of patients with late syphilis is, of necessity, so sensi- 
tive that It will be positive m a ceitain piopoition of patients who do 
not have syphilis On account of this I have used for several yeais a 
e tube test, two tubes of which I have endeavored to make delicate 
enough to give a positive result almost invariably in patients with active 
syphilis, two tubes so coarse or insensitive as virtually nevei to gne a 
false positive, and one intei mediate tube 

In this paper I have compaied the clinical and seiologic findings m 
a series of chronic medical cases to determine, if possible, the exact value 
and significance of both positive and negative leactions in each tube 
(set-up in the five different ways described pi eviously) The most sensi- 
tue tube (cholesteiinized antigen 0 4 pei cent , one unit of complement, 
icewatei bath incubation) was found by titration to be approximately 
eight times as delicate as the least sensitive one (alcoholic extract antigen, 
two units of complement, ice water bath incubation) 

The tabulations showed that tube 1 (extiemely sensitive) ga^e a 
four plus reaction in 95 per cent of patients in whom syphilis could be 
demonstrated by othei means , a one to three plus i eaction was obtained 
m four of the remaining 5 per cent of cases, and a flat negative was 
obtained in less than 1 per cent It came out foui plus in 31 per cent 
of miscellaneous medical cases regardless of diagnosis Of this 31 per 
cent which gave positive tests, syphilis could be demonstrated by other 
methods in only 32 7 pei cent In other words, 67 8 per cent were 
apparently false positives Fuitheimoie, it was found that of patients 
who gave a positne reaction in this tube with negative reactions with 
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the coarser ones, apparently 93 5 per cent were false positives A posi- 
tive reaction with a test of this delicacy, therefore, is of no value what- 
ever in the positive diagnosis of syphilis A negative reaction, however, 
IS very useful in its exclusion 

Tube 5, which was relatively insensitive (noncholesterinized antigen 
with two units of complement and icewater bath incubation) came out 
positive in 57 per cent of patients who had syphilis which could be 
demonstrated by other means Syphilis was proven positively in 98 per 
cent of patients who gave a four plus reaction in this tube No evidence 
of syphilis was found in the remaining 2 per cent This might have 
been attributable, however, in part, to the circumstance that they were 
not examined adequately A positive reaction with tests of this 
delicacy (only moderately sensitive) is believed, therefore, to be almost 
proof positive of syphilis It is quite apparent, however, that a negative 
reaction could be of no value whatever in its exclusion 

The intermediate tube 3 (choiestenmzed antigen 0 2 per cent with 
two units of complement and icewater bath incubation) was less 
interesting and useful than the more extreme ones It gave four plus 
reactions in 75 per cent of patients with proven syphilis It came out 
foui plus in 8 5 per cent of miscellaneous medical cases (including 
syphilis) Only 7 3 per cent of this latter group of positives were 
false positives Of the miscellaneous cases, however, which gave posi- 
tive reactions in this tube with negatives in the less sensitive tubes 
(4 and 5 ) , 30 per cent were apparently false positives The depend- 
ability of both positive and negative reactions obtained by a test of this 
delicacy therefore, would appear to be practically nil 

The above statistics are of additional inteiest because of the fact that 
they were obtained almost entirely from a study of chronic late cases 
of syphilis 

Judging from the data recorded, it seems apparent that if extremely 
sensitwe and reasonably coarse (or insensitive) tests are carried out 
simultaneously, valuable information can be gained not only concerning 
the positive diagnosis of syphilis but also concerning its exclusion This 
divides medical cases into three classes, so far as the diagnosis of 
syphilis is concerned, namely, those in whom syphilis can be diagnosed 
positively^ b}'' blood examination alone (that is when every test reacts 
four plus) , those in whom the possibility of syphilis can be almost 
excluded by blood examination alone (that is when every test is 
negative), and those in which blood examinations are of no service 
whatei er (that is when the sensitive tests react positive and the less 
delicate ones negative to three plus) In cases of this class the diagnosis 
or exclusion of syphilis must be based entirely on history, physical 
examination lumbar puncture and therapeutic test 
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False positive reactions with sensitive tests weie obtained more 
frequently in individuals who were ill than it was in a senes of healthy 
individuals who were tested as candidates to be donois for blood trans- 
fusion It was also obseived that false positive reactions of this type 
were obtained moie frequently in patients who had goiter (regardless 
of size and toxicity) extieme ptosis, active tuberculosis, chronic sepsis, 
hypertension, pernicious anemia, diabetes and atiophic arthritis, than 
it was in individuals who did not have these diseases In no instance, 
howevei, did patients with the above diseases m whom the possibility 
of syphilis could appaiently be excluded, give four plus reactions with 
the less sensitive tests (4 and 5) 

In following the results of treatment, simple diagnostic tests in our 
hands were misleading The real progress of a patient can be followed 
much moie satisfactoiily, so far as serology is concerned, by the use of 
titiations 

I wish to acknowledge with pleasure the expert assistance in this work 
of Miss Elizabeth Leas, clinical laboratoiy assistant 



STUDIES IN ASYMPTOMATIC NEUROSYPHILIS 

III THE APPARENT INFLUENCE OF PREGNANCY ON THE INCIDENCE 
OF NEUROSYPHILIS IN WOMEN 

JOSEPH EARLE MOORE, MD 

BALTIMORE 

In the second paper of this series^ it was pointed out that in 
spite of the fact that clinical neurosyphilis is more common m men 
than in women, cytobiologic abnormalities m the cerebrospinal fluid 
of primary and secondary syphilitics are equally frequent in the two 
sexes Futhermore, evidence was presented to show that from the 
group of patients showing these early fluid abnormalities (early asymp- 
tomatic neurosyphilis) arise most, if not all, of the late cases of clinical 
meningeal and parenchymatous neurosyphilis Since women are com- 
paratively exempt from clinical neurosyphilis, there must be some 
special factor, applying only to the female sex, which inhibits its 
development It was suggested that pregnancy might be the factor in 
question The purpose of this paper is to examine this point more in 
detail 

The literature is replete with statistics, dating from the earliest 
days of the study of syphilis, regaiding the comparative incidence of 
neurosyphilis in the two sexes The most complete are those recently 
published by Gartner^ on general paiesis He finds, on the basis of 
the incidence of paresis over a period of years in a population of about 
38,000,000 Geimans, that the ratio of paretic men to women is 3 43 1 
Gartner and other authors, notably Fournier,® suggest that this differ- 
ence IS largely due to the higher incidence of syphilis in men than in 
women, together with extianeous factois such as the greater stress of 
masculine activities 

Virtually, all women with acquired syphilis are within the child 
bearing period and are thus subject to any influence which pregnancy 

^ From the Si^phihs Department of the Medical Clinic, Johns Hopkins 
Hospital 

■^This clinical research has been aided by grants from the United States 
Interdepartmental Social Hygiene Board and from the American Social H 3 '‘giene 
Association 

1 Moore, J E Studies in Asymptomatic Neurosyphilis II The Classi- 
fication Treatment, and Prognosis of Early Asymptomatic Neurosyphilis, Bull 
Johns Hopkins Hosp 33 231 (July) 1922 

2 Gartner, W Ueber die Haufigkeit der progressiven Paralyse bei kul- 
tivierten und unkultivierten Volkern Eine statistische, biologische, und 

nber die Siphilis, Ztschr f Hyg u Infektionskr 92 

341 (Tuljq 1921 

3 Fournier, A Les Affections Parasyphilitiques, Rueff et Cie, Pans, 1894, p 

168 et seq - 
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may exert Congenital neuiosyphilis, howevei, for example, juvenile 
paresis, develops m most instances before the child beaiing age In 
this condition, according to statistics gathered by Schmidt-Kiaepchn,^ 
both sexes are about equally affected, with only a slight piepondeiance 
of males 

Statistical data fiom the Syphilis Clinic of the Johns Hopkins 
Hospital are available foi the examination of this pioblcm The clinic 
IS for chanty patients only Its clientele is almost equally divided 
between the white and colored races As to sex, theie aie about equal 
numbers of white and colored males, but colored females piedominate 
over white women in the ratio of about 3 2 This racial distribution 
must be taken into consideration in connection with the percentage data 
given for the sex incidence of neuiosyphilis The comparative freedom 
of negioes fiom neui osyphilis ° tends to distort the percentages some- 
what m favor of the female sex For the purpose of the piesent dis- 
cussion, however, the question of lace has been disiegarded, since 


TABLE 1 — The Incidence According to Sex oi Various Iypis or Syphilis, 
^^D Espiciaily Nlurosyptiit is, Based on hie Admission 
]9i\f.Nosis 01 5,410 SiPiiimiE Paiiinf 





Male 



Pcmalo 



Number 

Per Cent of 

Number 

Per Cent of 


Diagnosis 

of Cases 

Total Males of C.iscs 

Total Females 

1 nrh sypliilfs (primary nnd Bccondniy) 

1,089 

722 

30 00 

001 

21 77 

Late syphilis (tertiary) 

24 20 

043 

20 37 


Tabes 

110 

4 71 


22 

OOO ' 



General paresis 

207 

COO 


10 

2 01 


Leiirosyphills - 

Meningeal 

no 

108 

• 20 38 

22 

0 00 

0 47 


Vascular 

53 

1 11 


7 

0 28 



Unclassiflod 

171 

5 88 


Cb 

2 37 


L iltnt syphilis 

715 

21 00 

1,130 

47 57 


both whites and blacks are subject alike to the factor of pregnancy 
The social level of these patients needs little explanation For the 
most part, they aie unskilled laboieis and their families 

Reference to Table 1 shows that of 5,410 patients with syphilis, 
54 per cent aie males, 46 per cent females There is, thus, no great 
pi eponderance of syphilis in men in this class of patients In order 
to emphasize the influence of pregnancy on the disease, all admission 
diagnoses have been tabulated Maiked sex variations are apparent in 
thiee of the four gioups The lower percentage of females with 
early syphilis is paitly due to the anatomic difference in the sexes, with 
the consequent difficulty of detection of primary syphilis m the female 
(Secondaiy syphilis is about equally frequent in the two sexes 22 9 

4 Schmiclt-Kracpclin, T Uebcr die Juvenile Paralyse, Monogr a d Gcsamt- 

gebiete d Neurol u Psychiat , Julius Spiinger, Berlin 20 1920 

5 Zimmerman, E L A Comparative Study of Syphilis in Whites and 
Negroes, Arch Dermat & Syph 4 75 (July) 1921 
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per cent males as against 21 5 per cent females) No sex variation 
IS evident in the incidence of tertiary syphilis Latent syphilis, how- 
ever, IS twice as frequent in women as in men This striking difference 
IS due, togethei with part of the variation in the incidence of primary 
syphilis, to the effect of pregnancy on the course of the disease No 
less than 470, or 42 per cent , of the women with latent syphilis, were 
pregnant on admission to the clinic 

The fact that women who hear syphilitic children often give no 
history of syphilis and present no signs of the disease (except a posi- 
tive blood Wassermann reaction) has long been common knowledge 
A study of the pregnant women in this clinic, now in pi ogress, has 
convinced us that the usual early manifestations of syphilis are markedly 
altered b}'' the occurrence of pregnancy A woman infected at or 
shortly after the time of conception usually does not develop a chancre 
01 secondary syphilis When infection takes place late in pregnancy, 
on the other hand, the usual course of events may follow, but is often 
much delayed Substantiation of these clinical data in experimental 
syphilis IS furnished by the recent work of Brown and Pearce ^ 

If such striking alterations in the early course of the disease can 
be caused by a concurrent pregnancy, it is of great interest to examine 
the later course of syphilitic women who have been pregnant as con- 
trasted with those in whom no pregnancy has occurred since infection 
In the pieceding papei of this senes, it was shown that the incidence 
of spinal fluid abnormalities in 113 women with primary oi secondary 
syphilis (examination of the fluid having been carried out, in most 
instances, within the first two years of the disease) was 22 1 per cent , 
as compared with 21 6 per cent in a similar group of 217 men None 
of these women were pregnant at the time of infection, and all had 
passed through the usual course of early syphilis This is a satisfactory 
demonstration that in the early stages of the disease, when pregnancy 
can be excluded as a modifying factor, the nervous systems of both 
sexes are equally liable to invasion by the organism In order to 
determine, therefore, the possible influence of pregnancy, late syphilis 
only (of more than one year’s duration) should be chosen There 
must be contrasted the incidence of clinical neurosyphilis and of spinal 
fluid abnormalities, first in women as compared with men, and second 
in a group of women who were pregnant at or since infection as 
compared with a group who have had no pregnancies 

In Table 1 it is shown that 20 38 per cent of the cases in males 
were diagnosed as being clinically neurosyphihtic on admission, as 

6 Brown, W H and Pearce, L On the Reaction of Pregnant and Lactating 
Females to Inoculation with Treponema Pallidum, A Preliminary Note, Am J 
Sjph 4 593 (Oct) 1920 
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compared with only 6 47 per cent of the females For e\ery case of 
neurosyphihs in the female, theiefoie, theie are 3 13 cases in the male 
Further analysis shows the following ratios 

Cerebrospinal S 3 'philis (unclassed) for 1 female, there are 2 48 males 

Tabes dorsalis for 1 female, there are 6 36 males 

General paresis for 1 female, there are 4 22 males 

Meningeal neurosj^philis foi 1 female, there are 2 27 males 

Vascular neurosjphilis foi 1 female, there are 4 71 males 

These figures are nioie accurate than those usually given since 
they are based on the total number of male and female patients uith 
syphilis, rather than on neurosyphilitics only With regard to the pro- 
portion of pregnant and nonpregnant females, data regarding this 
senes are not available Junius and Arndt, however, to mention 
only one of many ai tides dealing with tins point, state that from 47 
to 49 per cent of paretic women are sterile, as compared to 16 or 20 
per cent of childless women m the general population These authors, 

TABLE 2 — ^The Incidence or Spinal Fluid Abnormalities in Late Saphilis 
Without Evidence or Neurologic Damage A Coaiparison 
or Men and Women 


Mnie 



Total 

Abnoimal 

Diagnosis 

Cases 

riuids 

II Recurrent 

S 

2 

II Date 

III Skin and mucous 

2 

— 

membrane 

30 

S 

III Bone 

40 

0 

III Cardiovascular 

3S 

7 

III Visceral 

14 

4 

Latent 

IT" 

39 

Total 

309 

65 


rcmak 


Per Cent 

Total 

Abnormal 

Per Cent 

Abnormal 

Cases 

Fluids 

Abnormal 

25 0 

4 

1 

— 

00 

26 6 

39 

3 

78 

20 0 

31 

4 

12 9 

18 4 

10 

O 

20 0 

28 5 

17 

— 

— 

22 0 

131 

29 

221 

2103 

233 

38 

16 3 


and others, have all dealt with the subject from the standpoint of the 
influence of syphilis on child bearing, to show that syphilis causes 
sterility So far as I am aware, it has not been suggested heretofore 
that pregnancy may alter the incidence of neurosyphihs in women, 
and that about half the paretic females may be paretic because of then 
steiihty 

A fuither important point is the incidence of abnormal spinal fluids 
m late syphilitics without demonstrable neurologic abnoimahties For 
examination of this question 542 patients from this clinic aie available 
It IS shown in Table 2 that of 309 men, 21 03 per cent had abnormal 
fluids, as compared with 16 3 per cent fluid abnormalities m 233 
women The percentage of abnormal spinal fluids m late syphilis of 
males is almost the same as the percentage in early syphilis (21 03 as 

7 Junius, P , and Arndt, AI Ueber die Deszendenz der Parab'tiker, Ztschr 
f d Ges Neurol u Psychiat 17 303, 1913 
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compared with 22 9) In women, on the contrary, spinal fluid changes 
are less frequent in late than in early syphilis (16 3 per cent as com- 
pared with 22 1 per cent ) 

If pregnancy is a factor of importance in causing this lowered 
incidence, those women with late syphilis who have been pregnant 
since their infection should show a lower proportion of abnormal fluids 
than those who have never been pregnant That this is actually the 
case IS shown in Table 3 Of ninety late syphilitic women who had 
never been pregnant, or had borne children only before infection with 
syphilis, 22 2 per cent had abnormal fluids, while of 142 cases m 
which pregnancy had occurred one or more times after infection, only 
112 per cent were thus abnormal The same phenomenon is observed 
whether tertiary manifestations of syphilis were present, or whether 
the disease ivas latent The proportion of spinal fluid abnormalities 
in late syphilis, when no pregnancies have occurred, is thus precisely 
the same as that observed m early syphilis In pregnant women, this 
peicentage is reduced by one half 

TABLE 3 — The Comparative Incidence or Late Asymptomatic Neurosyphilis 
IN Women, Showing the Effect of Pregnancy on the Disease 


Syphilis Contnctcd at Conception 

or Pregnant Since Infection Never Pregnant Since Infection 

A A 



Total 

Abnormal 

Pei Cent 

Total 

Abnormal 

Per Cent 

Diagnosis 

Cases 

Fluids 

Abnormal 

Oases 

Fluids 

Abnormal 

lertiari 

54 

2 


44 

7 

15 9 

Latent 

89 

14 

15 6 

46 

13 

28 2 

Total 

143 

16 

112 

90 

20 

22 2 


Included in the “pregnant” group are a considerable number of 
cases of conceptional syphilis — that is, infection with syphilis simul- 
taneously with conception, and with consequent suppression of the 
eaily lesions of the disease Thus a history of primary or secondary 
s}philis was obtained m only 218 per cent of the patients in this 
gioup, as contrasted with 53 4 per cent in the “never pregnant” group 
of women, and with 85 5 per cent of males 

When infection with syphilis and pregnancy occur simultaneously, 
theie can be no doubt that some factor m connection with the pregnancy 
inhibits the development of grave syphilitic lesions This being so, 
one may ask if pregnancies occurring some time after infection confer 
the same sort of protection, and whether repeated pregnancies protect 
even more than a single one As regards the former of these points, 
no infonnation is at present available In Table 4 is shown the per- 
centage of abnormal spinal fluids in women who had had from one to 
five or more pregnancies since infection There would seem to be 
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some piotective influence exeited by lepeated piegnancy, though the 
statistics are based on too small numbeis and aie, theiefoie, too nieg- 
ulai to be of much value However, the peicentage of abnormal 
fluids m those women who had two oi moie pi eg nancies is only 9 3, 
as compaied with 19 5 in piimiparae 

TABLE 4 — The Incidence or Late A\smptomatic Neurosyphilis in Women, 
Grouped According to the Number or Prcgnvncips Since Inpiction 


umbel of Prcgunncics 

Total 

Oases 

Abnormal 
Spinal riiml 

Per Cent 
Abnormal 

0 

00 

20 

79 7 

1 

41 

S 

19 5 


3G 

O 

83 

0 

20 

3 

15 0 

4 

21 

1 

4 7 

5 or more 

lO 

2 

10 5 


It IS not suggested that piegnancy occuning some time aftci infec- 
tion, the woman having passed thiough the usual couise of eailv 
syphilis, may exert any influence on the subsequent development of 
neuiosyplnlis A laigei senes of cases than the piesent one is needed 
foi examination of this point Noi does the silent couise of concep- 
tional syphilis protect absolutely against latei neurosyphilis It is a 
well established clinical fact that in males, a mild eaily syphilis pie- 
disposes to neuiosyphihs, possibly because of some alteiation in the 
immune leactions of the body In women, on the contraiy, the factoi 
of piegnancy in some way alteis the defense mechanism so that the 
absence of eaily s}phihtic lesions does not lender the neivous system 
moie susceptible to invasion In this senes, for example, spinal fluid 
abnoimalities weie present m 20 4 pei cent of eighty-thiee women, 
who, legal dless of piegnancy, gave a definite hisloiy of piimaiy or 
secondary syphilis, while of 161 women in whom such a history could 
not be obtained, only 13 pei cent had abnoimal fluids 

CONCLUSIONS 

1 Clinical neuiosyphihs is about thiee times as fiequent in men 
as in women 

2 The neivous systems of the two sexes aie, howevei, invaded with 
equal fiequency in the early stages of syphilis, as is shown by the 
relative percentages of spinal fluid abnoimalities 

3 The couise of eaily syphilis is markedly altered by the simul- 
taneous occurience of piegnancy 

4 Piegnancy is the most important point of difference in the 
oidinary life histoiy of the two sexes 
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5 In women with late syphilis (of more than one year’s duration), 
the incidence of abnormal spinal fluids is twice as high in a group of 
sterile women as in a group in which one or more pregnancies have 
occurred since infection 

6 Almost half of the women who aie clinically neurosyphilitic have 
nor been piegnant since infection 

7 Multiparae seem to be less liable to late asymptomatic neuro- 
syphilis than pnmiparae 

8 It IS suggested on the basis of this study that pregnancy is one 
factor which may partially account for the comparatn^e freedom of 
women from neurosyphihs 



THE SPECIFIC GRAVITY OF THE URINE 


T ADDIS, MD, AND MARJORIE G FOSTER, MD 

SAN riiANCISCO 

The experiments reported in tins paper weie planned to determine 
whethei there might not be certain special conditions under which the 
specific gravity of the urine could be used as a means foi estimating 
the amount of secreting tissue in the kidney 

In 1914 Fledinger and Schlayer ^ described a method m which renal 
function was studied by observations of the specific giavity, volume, 
and chlorid content of collections of urine made at shoit intervals over 
a peiiod of twenty-four hours The modification of this test introduced 
by Mosenthal ^ has been used widely in this country The mtei pre- 
tation of the results has given rise to much discussion but it has never 
been maintained that the test can be taken as a measure of the amount 
of lenal tissue, in fact, Schlayer^ has taken pains to point out that 
such an interpretation would be quite unwai ranted It would seem, 
then, that altogether othei conditions than those hitherto used would 
have to be imposed if structural deductions are to be drawn from 
specific gravity changes in the urine 

Of course, it is evident, no mattei what conditions are set, that 
the specific gravity by itself cannot be used for this purpose It 
would have to be combined with a measurement of the volume of uiine 
excreted during a definite period of time The most that can possibly 
be learned fiom the specific gravity alone is the concentration of solids 
in the urine, and a concentration can never give information about the 
size of the kidney This is sufficiently shown by the fact that the 
small kidneys of a child can pioduce as concentrated a urine as can 
be attained by the much larger kidneys of an adult But if the specific 
gravity really does give the concentration of solids in the urine it 
can be used in conjunction with a determination of the rate of urine 
excretion to measure the amount of solids excreted per unit of tune 
This IS a measurement which might very well be related to the amount 
of secreting tissue in the kidney 

There are two ways in which the capacity of the kidneys to produce 
a urine of high specific gravity may be put under strain Fluids may 
be restricted, or the amount of solids calling for excretion may be 
increased If both conditions were applied simultaneously it might be 
expected that a maximum effort of the concentrating capacity of the 

From the Department of Medicine of Stanford University Medical School 

1 Hedinger and Schlayer Deutsch Arch f klin Med 114 120, 1914 

2 Mosenthal Arch Int Med 16 733 (Dec ) 1915 

3 Schlayer Beih z med Klin 9 211, 1912 
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kidneys would be required With this idea the effect of the ingestion 
of various solids on the specific gravity of the urine of subjects who 
were abstaining from fluids was observed 

Five experiments were carried through on a group of ten students 
In the first experiment the effect of simple fluid restriction was deter- 
mined For thirty-six hours no fluids of any kind were taken The 
diet was quantitatively and qualitatively constant, and consisted mainly 
of starch and sugar The protein and salt content was low, and all 
substances which might tend to increase the excretion of water through 
the kidneys were excluded The collection of urine was started after 
twenty-four hours’ abstention from fluids and covered the twelve hours 
of the mght from 8 p m to 8 a m In the other experiments the same 
conditions were observed, except that at 8 p m various solids dis- 
solved in 200 c c water were taken In the second experiment, 30 gm 
urea were used , m the third, 10 gm sodium chlorid , in the fourth, 
10 gm sodium acid phosphate, and in the fifth, a mixture of 30 gm 
urea, 5 gm sodium chlond and 5 gm sodium acid phosphate was taken 
The average specific gravities and volumes of the twelve hour night 
urines are gi-ven in the accompanying table 


Averages from Ten Normal Persons Under Five Different Conditions 


Conditions 

Sp G 

Volume in C e 

Fluid restriction onlj 

1 027 

242 

Flund restriction and addition of 30 gm urea in 15 pei 
cent conccntiation 

1025 

597 

Fluid restr etion and addition of 10 gm sodium eWorld in 

5 per cent concentration 

1 028 

391 

iluid restriction and addition of 10 gm sodium acid 
phosphate in 5 per cent concentration 

1 035 

213 

Fluid restriction and addition of 30 gm urea, 5 gm 
sodium eWorld and 5 gm sodium acid phosphate given 
m 100 e c water 

1025 

616 


Contrar)'^ to expectation, these figures show that the specific gravity 
of the urine is not gi eater after the addition of urea, sodium chlond 
or a mixtuie of urea, chlond and phosphate, than after fluid restriction 
alone This is partially explained by the increase m urine volume which 
followed the administration of these substances, just as the relatively 
high specific gravity after sodium acid phosphate can, in part, be 
explained by the associated reduction in the volume of the urine 
But the main point of interest lies in the fact that the specific gravity 
results cannot be accounted for fully by the urine volume changes 
Their inadequacy can be shown by a consideration of the amounts of 
urea, chlond and phosphate which were excreted Thus, in the experi- 
ment with simple fluid restriction the total amount of all three sub- 
stances was 8 44 gm ((NH,)XO, 5 40 gm', -f NaCl, 178 gm , 
NaHoPOj, 1 26 gm ) When the mixture was taken the total amount 
eliminated was 30 19 gm (NH„)XO, 22 00 gm , -|- NaCl, 4 63 gm 
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+ NaH„Po 4 , 3 56 gm ) It would be conservatn e to assume that these 
three substances together made up more than 75 per cent of the total 
solids of the urine, and the remainder cannot have been far from con- 
stant since the urines were from the same group of subjects on a fixed 
diet The figures 8 44 and 30 19 may be used as an indication of the 



specific gravities of equal concentrations of these substances Thus 3 per 
cent concentrations of urea, sodium chlond and sodium acid phosphate have 
specific gravities of approximately 1 009, 1 020 and 1 024 
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relative concentration of total solids in the two expeninents In the one 
case there is 8 44 gm in 242 c c , a 3 48 per cent concentration of solids 
In the other, there is 30 19 gm in 616 c c , a 4 90 per cent concentration 
of solids If the specific gravity of the unne depended only on the 
relation between the solids and the water in the urine, we should 
expect to find a higher specific gravity in a urine with 4 90 per cent 
solids than in one with 3 48 per cent solids But the table shows 
that the reverse is tiue, foi with 3 48 per cent solids the specific 
gravity is 1 027 and with 4 93 per cent the specific gravity is 1 025 
The explanation of this apparent paradox lies in the fact — known 
ever since the first specific gravity was measured — that each dissolved 
substance has its own specific effect on the specific gravity of a solution 
This fundamental fact is generally ignored in discussions on the specific 
giavit}? of the unne, and, either tacitly or openly, it is assumed that 
the specific gravity measures the total concentration of solids 

Some lough determinations of the specific gravity of varying con- 
centrations of urea, sodium chloiid and sodium acid phosphate are 
given in the accompanying figure 

This graph shows how it came about that the specific gravity of 
the urine was lower after taking a mixture of urea, chlorid and phos- 
phate, than after simple water restriction, even though the total con- 
centration of solids was greatei It was lower because a greater 
proportion of the total solids consisted of urea which has less effect 
in raising the specific giavity than chlorids or phosphates 

The specific gravity of the unne is the resultant of the various 
effects of all urinary constituents Since each has its own specific effect 
and the relative concenti ations aie unknown, it follows that it is 
impossible to attach any precise quantitative significance to the results of 
any method of estimating the total solids of the urine in which specific 
gravity measurements are used 

CONCLUSIONS 

The specific gravity of the urine of normal persons was measured 
under varying conditions designed to place a strain on the concentrating 
activity of the kidney It was found that not even an approximate 
idea of the work of the kidney in the excretion of solids could be 
obtained from the results It is therefore concluded that specific 
gravity determinations cannot form part of any method intended to 
measure the amount of secreting tissue in the kidney 



A TEST OF TI-IE CAPACITY OF THE KIDNEY 
TO PRODUCE A .URINE OF HIGIi 
SPECIFIC GRAVITY! 

T ADDIS, MD, AND MARIAN C SHEVKY 

SAN FRANCISCO 

Although It has been shown in the preceding papei that the snecific 
gravity of the in me cannot be used as a means to deteimme the late of 
excietion of solids, and although it must be regaided as a vciy 
inaccurate method of estimating even that paitial function of the kidney 
by viitue of which it is able to sepaiate a concentiated solution fiom 
a blood m which the uiinaiy constituents aie relatively dilute, it, nevei- 
theless, lemams tiue that m ceilam cases specific giavity deteimmations 
may give information of considerable clinical value Theie is a i elation 
between the inability to pioduce a uiine of high specific giavity and 
certain extieme grades of renal decompensation It is this inability 
which, 111 ceitam cases, leads to the constantly low specific gravity m 
short time uime collections, which is in sharp conliast with the veiy 
variable specific gravity of the urine m normal persons So manv 
examples of this “fixation of specific giavity” at a low level have been 
given by Pledinger and Schlayer,^ by Mosenthal,- and by Chiistian,'’ 
that it may be taken as a well established fact And, on the othei hand, 
so many fai advanced cases of chionic Bright’s disease aie fiee oi 
piactically fiee fiom symptoms, that the demonstration of this inability 
may be the only indication of the real giavity of the situation in ciicum- 
stances wheie only the simplest possible functional tests can be used 
But m this paiticulai functional manifestation, as m all othei s, the 
cleaiest possible sepaiation of noimal fiom abnoimal is only to bo 
attained by making use of the pimciple of stiain This has not been 
done 111 the one day renal test of Pledmgei and Schlayei , noi m Mosen- 
thal’s 01 Chiistian’s modifications Foi this leason, as well as for 
another given m a latei paper, we have detei mined the vai lability of 
the specific giavity m noimal peisons undei conditions specially 
designed to induce the pioduction of a urine of high specific gravity 
In 01 del that the test might be almost universally applicable, the 
conditions were made as simple as possible The subject is instinct ed 
to abstain fiom fluids of all soits aftei bieakfast on one day until he 
uses fiom bed on the moining of the following day, and is told to 

From the Department of Medicine of Stanford University Medical School 

1 Hedingcr and Schlayer Dcutsch Arch f klin Med 114 120, 1914 

2 Mosenthal Arch Int Med 16 733 (Dec ) 1915 

3 Christian Oxford Med 3 585, 1921 
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collect a twelve hours’ night urine In clinical work in the outpatient 
department we have found it necessary to give these directions in writ- 
ing and to provide a wide necked bottle into which the urine is to be 
voided directly It must be made plain that the urine passed at the 
beginning of the period of urine collection is to be discarded The 
whole twelve hours’ urine should be collected at one voiding but if 
this is not possible the patient should be told not to pass urine for at 



Specific Gravity 


Percentage frequency distribution of specific gravity of the night urine in 
normal individuals after restriction of fluids 

least three hours before the completion of the specimen The usual 
diet must be taken except that water, tea, coftee, milk, soup oi any 
other fluid must be avoided When these instructions are given fully, 
as well as clearly, it seems that few patients make mistakes 

We have made ninety-four observations on seventy-five normal 
persons, most of them medical students The average is 1 032 , the 
standard deviation dz 00281 and the variability 8 8 per cent In the 
accompanying chart the percentage frequency distribution is given, and 
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in Table 1 the odds that any normal induidual would have as low or 
a lower specific gravity than certain specified levels are tabulated 

TABLE 1 — The Odds That anw Norm\l Indimdua-l Under the Conditions 
OF THE Test Would Give as Low or a Lower Specific Gravitv Than 
Those Gwen Below 


Specific Gravitj 
1026 
1 025 
1024 
1023 
1022 


Odds 

1 normal m 47 
1 normal m 115 
1 normal in 323 
1 noimal in l.OflD 
1 normal m 5,000 


In these specific gravities from normal persons variations in the 
amount and the kind of food taken no doubt led to a somewhat greater 
variability than would otherwise have been found ^ But in patients a 
still greater variation in diet may be likely to occur, perhaps enough 
111 some cases to make our normal figures inapplicable as a standard of 
comparison The specific gravities of a few normals under the usual 
conditions and after taking from 1 to 1 5 pounds of steak with their 
evening meal were compared Table 2 shows that there was no 
appreciable difference 


TABLE 2 — C0MPA.RISON OF Specific Gravities in Normals with Usual Diet 

and m ith Hew-v Mea.t Diet 


Name 

Usual Diet 

Usual Diet -r 1 

Pound or More of 

B 

1032 

Steak at 6 30 P M 

1 029 

T 

1027 

1026 

Jj 

1030 

1033 

C 

1028 

1 029 

N 

1035 

1032 

H 

1 035 

1 030 

Average 

1 032 

1 030 


Some of our patients had been on a low salt and low protein diet 
before the test was used, and in normal persons this type of diet seems 
to make the specific gravity lower and more -variable Table 3 shows a 
comparison between specific gravities under the ordinary unrestricted 
dietary conditions and those obtained after the subjects had lived for 
forty-eight hours on food with a very low salt and a low protein 
content 

A specific gravity somewhat low^er than normal obtained from a 
patient wdiose salt and protein intake has been restricted might then 
be due entirely to the diet But even wdien the diet is unrestricted, low 
specific gravities in patients must ahva 3 "s be interpreted with caution 
There is the ever present possibility that the patient has not abstained 
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from fluids or has failed to discard the urine passed at the commence- 
ment of the twehe hour period And, then, of course, there are many 
extrarenal factors in patients which may lead to an unusually large 
excretion of water and so to a low specific gravity, even though the 


TABLE 3 — Comparison of Specific Gravities in Normals on Ordinary 
Unresticted Dietarv and on Very Low Salt and Low Protein Diets 




Low Salt and 

^^Ine 

Usual Diet 

Protein Diet 

N 

1 035 

1020 

W 

1 030 

1033 

H 

1 035 

1029 

L 

1 030 

1 031 

Wa 

1032 

1027 

T 

1027 

1019 

Average 

1 032 

1027 


concentrating capacity of the kidneys is unimpaired On the other 
hand, there is nevei any doubt about the meaning of a high specific 
gravity, and it is here that the test has its mam clinical value For 
when a specific graiity within the normal range has been achieved 
a positive fact has been established which m itself is probably sufficient 
to exclude the possibility of the existence of that terminal stage of 
renal decompensation which so often develops insidiously in cases of 
chronic Bright’s disease 

The specific gravities found in various types of renal lesion will be 
discussed and compared vith other functional results in a later paper 


CONCLUSION 

A simple test of the capacitj'’ of the kidney to produce a urine of 
high specific gravity is described In normal individuals, after restric- 
tion of fluids, the a-verage specific gravity is 1 032 with a standard 
dei lation of 00281 These figures maj^ be used as a normal standard 
for comparison with ob'^ervations made on patients under the same 
conditions 
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STUDIES ON BLOOD LIPOIDS 


1 THE RELATION OF CHOLESTEROL AND PROTEIN DEFICIENCY 

TO BASAL METABOLISM 

ALBERT A EPSTEIN, MD, \nd HERMAN LANDE, MD 

NEW YORK 

Cholesterol possesses many points in common with the fats and 
hpoids and is, therefore, usually giouped with these substances Its 
presence in the blood seems to go hand in hand with that of the fats, 
and the quantitative relationship it bears to them is fairly constant By 
viitue of this and the fact that it can readily be determined quantita- 
tively, estimates of cholesterol aie often used as a measure or index 
of the total fat content of the blood The origin of the cholesterol of 
the blood is not definitely known , some of it is undoubtedly eKogenous, 
and some endogenous It is subject to marked fluctuations undei a 
variety of conditions In some it appears to be independent of external 
causes and definitely associated with metabolic distuibances, as m 
diabetes, nephritis,^ etc There also can be no doubt of the i elation 
of the blood cholesterol to the glands of internal secretion, paiticularly 
the suprarenal (Rothschild et al ) and the thyroid (Luden^) The 
question arises whether the hpoid variations in distiubances of metab- 
olism and internal secretion aie incidental, or if a definite relationship 
between them can be established 

With these facts m mind, studies have been undertaken for the 
purpose of correlating basal metabolism and blood cholesterol findings 
in a group of cases m which both are subject to fluctuation Thus, 
the study embraces cases of exophthalmic goiter, thyroid adenoma, 
nephritis and nephrosis, myxedema, menopause and related conditions 
In addition, certain other conditions in which one or the other facior 
(basal metabolism or cholesterol) is disturbed, have been studu'd for 
purposes of comparison 

The cholesterol determinations have been made by the Bloor modi- 
fication of the Funk-Autenneth method Because of the nature of 
this method, the peisonal equation constitutes an important factor 
The majoiity of the determinations m our cases have been made by 
Dr Joseph Reiss of our laboratory, who has analj’^zed more than 
twelve thousand specimens of blood, a sufficient experience to assure 

From the Medical Department of Mt Smai Hospital 

* Read before the Section on Medicine New York Academj' of Medicine, 
Nov 17, 1921 

1 Epstein A A J A M A 64 444 (Aug 11) 1917 

2 Luden G Collected Papers Maj'o Clinic 10 429, 1918 
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reliability and to wan ant the conclusions which we shall draw from 
the results obtained A survey of the figures of a very large senes 
of examinations shows that the normal value for cholesterol in the 
blood ranges between 160 and 200 mg per 100 c c By far the largest 
number show values nearer the upper limit 

The basal metabolism determinations have been made with the 
original Benedict portable apparatus Oxygen consumption alone has 
been measured, a respiratory quotient of 0 82 having been assumed 
Surface area has been estimated by the Du Bois-Du Bois height-weight 
formula In those cases associated with edema, the weight used in 
calculation of the surface aiea was that which preceded the develop- 
ment of the edema, or followed its elimination In this way, we 
believe, that the factor of tissue dilution has been eliminated from 
the estimations 


TABLE 1 — E\oImTH^LMIC^ Goiter 


Acc ^o 

2034’(5 

208T38 

205137 


210107 


20S597 


2079IG 

20S1S9 

209330 

2093S8 

210372 

21030G 

210S14 


211111 

212071 



Ago 

Sc\ 

Dnte 

B isal Metabolism 

Blood 

Choles 

terol, 

Per Cent 

Cnlo 

Ties 

Per 

Cent 

K 

c 

53 

$ 

Oct 9 

43 4 

■J-20 

0 230 





No^ 11 

53 

+46 

0130 





Dec 2 

55 

+54 

0150 

s 

M 

26 


Mar 20 

43 

+14 

0196 

D 

E 

48 

? 

Oct 22 

67 5 

+82 

0 090 





Nov 3 

65 


0 080 





No\ 22 

586 

+62 

0140 





Dec 4 

62 

+72 

0 095 

M 

M 

50 

c? 

Dec 2 

48 

+28 

0136 





Feb 1 

44 

+15 

0182 

A 

A 

IG 

cT 

Mai 15 

62 

+37 

0148 





Mar 26 

54 5 

+25 

0178 

M 

F 

40 

cf 

Mar 5 

57 

+4G 

0166 


J 

41 

$ 

Mai 1 

59 

+63 

0130 

V 

B 

38 

cf 

April 15 

61 5 

+54 

0124 

I 

J 

23 

ct 

April 16 

515 

+30 

0106 

M 

H 

28 

5 

May 23 

52 

+40 

0130 

B 

H 

30 

9 

May 23 

44 8 

+20 

0136 

I 

K 

45 

cT 

June 11 

66 


0146 





June 22 

63 5 

+65 

0 130 





June 25 



0156 





Jan 11 



0 218 

A 

c 

40 

d 

Jan 12 

49 5 

+25 

0 150 

M 

L 

28 

cf 

Sept 1 

48 5 

+20 

0114 


BoiTlTrks 


Postoperative 


Gravid 3 months 
Chronic nephritis 


Hypei thy} oidism {E-iopIifhalutic Goitej ') — It will be seen that in 
all these cases (Table 1) the basal metabolism is increased, and the 
blood cholesterol figures are below normal In general the decrease 
in the blood lipoid bears a direct relationship to the extent of increase 
of basal metabolism In nine of the fourteen cases this holds true, 
the lowest metabolic figure, -)- 14 per cent , corresponding to a blood 
cholesterol of 0 196 per cent , and the highest figure, -f 82 per cent , 
corresponding to a cholesterol of 0 090 per cent This relation is not 
invariable, however In three cases (I J , B H , and M L ) the 
cholesterol figure is low in proportion to the increase of basal metab- 
olism These three cases are of two years’ duration and it is not unfair 
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to assume an exhaustion of lipoicl, which outlasted the elevation of the 
basal metabolism The rising cholesterol figures in the case of I J are 
explained by a complicating nephritis In the case of M F the 
cholesterol is higher than would be anticipated in a toxic case with a 
rate of -f“ 46 per cent , and this discrepancy is not easily explained 
Cases m which more than one determination has been made, however, 
show clearly that an inverse relationship exists between the metabolic 
rate and the cholesterol content of the blood, as was also found by 
Luden in a case of myxedema treated with thyioxm^ 


TABLE 2 — Nontomc Thyroid ENLARGCMnNxs (Adcnomas) 


-icc No 

1 

Name 

Age 

SCY 

1 

Date 

Basal Metabolism 

Blood 
Olioles 
terol, 
Per Cent 

Calo 1 
nes 

Per 

Cent 

205905 1 

A 

G 


? 

Nov 27 

40 

+ 6 

0162 


L 

R 


d 

Dec 2 

44 

+16 

0 1C2 


J 

B 


d 

Dee 23 

42 5 

+12 

0184 


A 

K 

40 

9 

Jnn 4 

33 3 

— 7 

0 178 


0 

0 

27 

9 

Jan 4 

33 3 I 

— 8 

0180 

210912 

F 

F 

53 

9 


38 5 

"I* 5 

0188 


In Table 2, six cases of thyroid enlargement without clinical signs 
of toxicity are tabulated The blood cholesterol figures lange from 
0 162 to 0 188 per cent , the basal metabolism from — 8 to + 15 per 
cent , vaiiations which may be regarded as ranging fairly within the 
normal 


TABLE 3 — Toxic Thyroid Enlargement (Adenomas) 


\tc No j 

Name 

Age 

i 

Sc\ 

Date j 

Basal Metabolism 

1 Blood 

1 Oholcs 

1 terol, 
Per Cent 

Rcmarl^s 

Cnio 1 
nes 

Per 

Cent 

2048V0 

A 

S 

40 

9 

Oct 19 1 

40 1 

+ 9 

0 328 







Nov 1 I 

42 

+15 

0 218 







Nov 20 

45 

+24 

0 238 







Dec 9 

36 8 

Normal 

0 278 

Partial thyroidect 

204922 

E 

J 

45 

9 

Oet 17 

50 2 

+38 

0178 

omy November 29 

205312 


s 

51 

9 

Nov 1 

49 8 

+38 

0120 

Auricular fibrillation 

20G947 

A 

p 

38 

d 

Dec 10 

47 3 

+20 

0148 


208768 

A 

R 

40 

9 

Mar 26 

49 

+30 

0104 


209002 

M 

H 

46 

d 

April 2 

40 

+18 

0130 


200601 

! 0 

T 

61 

9 

April 29 

50 

+58 

0174 

Moderate dyspnea 

209378 

s 

M 

49 

9 

Mai' 12 

63 

+48 

0130 


212972 

H 

H 

48 

d 

Sept 1 

53 3 

+38 

0132 


213154 

M 

K 

49 

9 

Sept 8 

52 

+44 

0 100 

1 


In Table 3 the findings are recorded in ten cases of thyroid enlarge- 
ment (adenomas) showing toxic signs clinically and an increase of basal 
metabolism In only six of these does the inverse relationship as set 
forth above, between blood cholesterol and basal metabolism, hold true 
In this group also, the cases in which the cholesterol factor is low and 
out of proportion to the metabolic rate, are of longer duration There 
remain four cases in which the blood cholesterol is normal or only 
slightly diminished, in spite of an increased basal metabolic rate It 
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will be noted that these four patients were women at the ages of 45, 
46, 49 and 61, respectively, three of the four were at the climacteric 
period A series of cases in the menopause will be presented later, 
which will show that women at this age are subject to a h>per- 
cholesterinemia We may then assume that the inverse relationship 
still holds true, but in the group of thyroid enlargements, due to sex 
incidence and the age at which the toxic symptoms developed, the 
initial figure is higher Fortunately, we were able to study a case 
(A S ) of definite thyroid adenoma m which toxic symptoms developed 
while the patient was under observation The basal metabolism 
gradually rose from +9 to 4-24 per cent with a corresponding fall 
of blood cholesterol of from 0 328 to 0 238 per cent At this stage a 
thyi oidectomy was performed Ten days later, the basal metabolism 
had fallen to normal and the cholesterol had risen to 0 276 per cent 


TABLE 4 — Clinical Diagnosis (^) Hyperthyroidism (^) 


Acc Ao 

N ime 

Age 

i 

Se\ 

1 

Dato 

i 

Bisnl Metabolism 

Blood 
Cboles 
i tcrol, 
Per Cent 

Dngnosis 

1 

1 

1 Cnlo 

1 rics 

j Per 
Cent 

206107 

B S 

71 

9 

Dec 7 

34 

— 3 

0 353 

Aiir cular fibrillation 

206274 

B R 

35 

9 

Dec 11 

36 6 

Normal 

0100 

Gastric neurosis 

200318 

A P 

40 

9 

Dee 14 

32 6 

—10 

0 218 

Paroxysmal tichjcai 

2078S6 

E B 

17 

9 

Feb 16 

50 

1-15 

0170 

(?) HNporthjroidlsm 

20S144 

Xj X/ 

24 

0 ; 

Feb 26 

35 4 

— 5 

0 218 

Neurasthenia 

219072 

M G 

42 

9 

April 19 

39 8 


0 296 

Neurosis 

210S22 

E W 

9 

9 

June 14 

05 i 

■fl4 

0 218 

Exophthalmos 

211139 

H B 

26 


June 27 

40 5 

+ 2 

0 314 1 

Neurosis 

211SS1 

M M 

56 

cf 

June 30 

38 

Normal 

0164 

Gastric neurosis 

213132 

N H 

40 

cf 

Sept 8 

40 

Normal 

0 276 



M I, 

54 1 

o 

Dec 4 

41 1 

1 

+ 8 

0189 

Visceroptosis 


The next group of cases (Table 4) compnses those in which a 
condition of hyperthyroidism was suspected clinically These are, for 
tlie most part, functional disorders In this group, the basal metabolism 
ranges fiom 10 to 4-15 per cent Of these cases, the blood 
cholesteiol is normal m six In foui cases there is an increase m the 
blood lipoid, the cause of which is not clear In only one case (B R ) 
IS the cholesterol below normal This case is one of gastric neurosis 
of several months duration, in which all food was vomited immediately 
after eating The patient was undernourished and in a debilitated 
state and it is in these factors that we must seek the explanation for the 
low lipoid content This group stands in marked contrast to the true 
cases of hyperthyroidism uith elevated basal metabolism (Table 1) all 
of nhich showed cholesterol values below normal This does not yet 
establish the value of a low blood cholesterol as a positive aid in the 
diagnosis of thjroid disease, but, m the absence of other known factors 
that tend to produce a hypercholesterinemia (diabetes, menopause, 
piegnancj, nephritis and obesity), a blood cholesterol of normal or 
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increased value is strong evidence against the existence of a thyrotoxic 
state It appeals, however, that if repeated examination of the blood 
indicates a progressive decline of the cholesterol content in the absence 
of food insufficiency, Addison’s disease, or uremia, the fact may be 
taken as presumptive evidence of the existence of a thyiotoxic condi- 
tion This IS true even if the cholesterol value of the initial examination 
of the blood is above normal (Case A S , Table 3) 


TABLE 5 — Cases with Subnormal Basal Metabolism and Nephritis 


Ace No 

Name 




Blood 
Choles 
terol, 
Per Cent 

Diagnostic Notes 

Calo 

ncs 

Per 

Cent 

204853 

Anna I, 

14 

Dec 

8 

30 7 

—18 

0 904 

Nephiosis 

20G071 

Rose B 

27 

Dec, 

21 

32 

—15 

0 364 

Nephrosis Wass 4+ 




Jan 

6 

37 8 

Normal 

0 552 

H id been on thj roid 




Feb 

9 

34 9 

— 6 

0 460 

Vntisyphilitic treatment 

211792 

Father S 

33 

Sept 

15 

30 

—18 

0 370 

Nephiosis 




Sept 

27 

30 

—18 






Oct 

18 

32 8 

—10 






Oct 

29 

34 7 

— 4 

0 290 


207030 

Yetta H 

44 

Jan 

11 

291 

—19 

1 350 

My\cdoma 




Feb 

8 



0 725 

On tin roid therapy 




Feb 

15 

38 6 

+ 6 

0 200 

On thyroid therapj 




Mar 

31 

40 

+10 


On thyroid therapy 




May 12 

29 

—19 

0 680 

Stopped thyro’d after 









leaving hospital 

216441 

Maud E 

29 

Jan 

6 

34 5 

— 8 

0 508 

Nephrosis 




Feb 

11 

32 6 

—13 

0 800 


217115 

Ira S 

35 

Feb 

8 

33 4 

—15 1 

0 320 

Nephrosis 

207745 

Yetta R ! 

28 

Feb 

21 

37 6 

Normal 

0 394 

Chronic diffuse nephritis 

206949 

Pcppie W 

54 

Jan 

10 

37 4 

+ <5 

0 412 

Chronic dill use nephritis 

215385 

Isidor T 

48 

Dec 

7 

41 

+ 0 

0 254 

Hypertensive nenhritis 

216350 

Hvnim B 

39 

Jan 

15 

41 

+ 0 

0 140 

Chronic nephritis 

209679 

Celia R 

32 

Aplll24 1 

33 

—11 

0 313 

Mj\edema 

212870 

Arthur S 

20 

Dec 

1 

22 7 

—42 

0102 

In inition 


Bose Y 

21 

Dec 

21 

32 

—15 

0130 

Creatinism 

206706 

Frank S 

30 

Doc 

30 

44 2 

+12 

0 484 

Nephrosis pulmonarj 









tuberculosis 


Cases zvith a Subnormal Basal Metabolism (Table 5) — For many 
years it has been known that a low rate of metabolism exists m cases of 
hypothyroidism More recently conditions of subnormal oxidation have 
been recognized, the relation of which to the thyroid gland is not clear 
A group of unclassified cases with low basal metabolic lates has been 
reported from the Mayo Clinic Aub and DuBois, m 1917,^ repotted 
a reduction in metabolism in cases of nephritis with edema and make 
the following statement “The reduction of metabolism per square 
meter of body surface found in nephritic edema is sometimes very 
marked (from 27 to 40 per cent ) and points to some cause other than 
mere dilution of tissue or skin distention ” One of us ^ has pointed 
out the possibility of a certain group of chronic nephroses being a 
metabolic disorder allied to a state of hypothyroidism The existence 

3 Aub, J C, and DuBois, E Arch Int IMed 19 865 CMa}) 1917 

4 Epstein, A A J A M A 64 444 (Aug 11) 1917, M Clinics N 
America 4 145 (July) 1920 
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of a hypercholestennemia of unusual degree in both nephrosis and 
myxedema was noted Eppinger,= Volhard,® and more recently Behr 
and Waldrop ^ have reported the beneficial results of thyroid therapy 
in cases of edema of obscure origin The relationship existing between 
these cases of nephrosis and the thyroid was demonstrated in a striking 
manner by the following case 

REPORT OF CASE OF NEPHROSIS DEVELOPING MYXEDEMA 

Histoty — Yetta H, aged 44, first entered the hospital Sept 25, 1916 Past 
history is of no importance, except that menopause developed at the age of 28 
For four months prior to admission there had been gradually increasing edema 
with pain in the lumbar region, weakness and anorexia 

Physical Examination — Marked generalized edema and pallor 

Admission Diagnosis — Chronic nephritis 

Unnc — The urine contained hearw traces of albumin, hyaline and granular 
casts and a moderate number of white blood cells No red blood cells 

Blood Chemistry — Urea nitrogen, 21 mg per hundred cc, incoagulable 
nitrogen, 56 mg per hundred c c , cholesterol, 0 400 per cent No basal metabo- 
lism studies were being made at Mt Smai Hospital at this time Blood pres- 
sure, 105/80 , phenolsulphonephthalein excretion, 48 per cent in two hours 
Blood Wassermann, negative 

Clinical Cowse — For two weeks the patient was kept on a Karrell diet and 
then on a salt fiee diet There was no subsidence of edema or increase of 
urinary output October 11 she was put on a high protein diet Within a 
week there was marked diuresis which continued until the edema had entirely 
disappeared, within three weeks of institution of treatment She was discharged 
as a case of nephrosis relieved by high protein feeding The albuminuria 
persisted 

Second Admission — Jan 15, 1921, four years and three months later, the 
patient entered the hospital for the second time During the preceding year 
there had been increasing weakness, mental dulness, swelling of the face and 
lids and nocturia On phj'sical examination the patient presented the classical 
picture of myxedema The skin was harsh, dry and scaly , the hair brittle and 
sparse The speech was slow and mentality was dull There was marked swell- 
ing of the face and lids, nonpitting edema of the extremities and the typical 
subcutaneous infiltrations of myxedema 

Urine Albumin, hea^'y trace with many h 3 'ahne and granular casts 

Blood Chcmistiy — Urea nitrogen, 182 mg per hundred cc , incoagulable 
nitrogen, 37 6 mg per hundred c c , uric acid, 2 3 mg ner hundred c c , creatinin, 
1 9 mg per hundred c c , cholestenn, 1 350 per cent 

Basal Metabolism 29 1 calories — 19 per cent The phenolsulphonephthalein 
output was 45 per cent in two hours 

On the basis of these findings, the patient was put on thyroid extract 
Marked improvement of all sj’^mptoms followed, the basal metabolism returned 
to normal, the blood cholesterol diminished and the loss of 23 pounds m 
weight in four weeks wms noted The effect of thyroid on the metabolic rate 
and the blood cholesterol is shown m Table 5, the inverse ratio again hold- 
ing true 


5 Eppinger, H Zur Pathologic und Therapie des menschlichen Oedems, 
Berlin 1917 

6 Volhard Die Doppelseitigen Haematogenen Nierenerkrankungen, Ber- 
lin, 1918 

7 Behr, O, and Waldrop, C P Semana med 28 661 (June 9) 1921 
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Summaiy — A case presumably one of nephrosis, on first admission to the 
hospital responded to a high protein diet with the disappearance of the edema 
after failure of restricted diets She returned four years later as a typical 
myxedema and is relieved of all sj'mptoms by thyroid therapj 

The late development of myxedema m this case of nephrosis may 
be regarded by some as a coincidence To us, myxedema represents 
the extreme stage of a defective metabolism which is similai in chai- 
acter to that occurring m nephrosis The therapeutic results obtained 
m certain nephritides with the high protein diet (with and without the 
addition of thyroid), warrant the conclusion previously reached, that 
there are borderline cases, on one side of which are those with a clinical 
picture of nephrosis, and on the other side, the cases of myxedema 
For reasons previously pointed out by one of us * nephrosis may be 
regarded primarily as a condition of defective protein metabolism, 
characterized chemically by hypercholesterinemia and reduced protein 
content of the blood serum 

REPORT ON BASAL METABOLISM STUDIES 
Basal metabolism studies have therefore been made on ten cases 
of nephritis and nephrosis (Table 5) 

C\SE 1 — PLstojy — Anna L, aged 14, had been subject to frequent attacks 
of tonsillitis Tonsillectomy one year ago Scarlet fever six years ago, so far 
as can be determined there was no complicating renal condition at the time 
For the six months prior to entrance to the hospital there had been gradually 
increasing edema, dyspnea, frequency and nocturia 

Examination — On admission the physical examination was noteworthy only 
for generalized edema The urine contained large amounts of albumin, hyaline 
and granular casts Blood pressure, 125/70, phenolsulphonephthalem output 
was 30 per cent in two hours 

Blood Cheviishy — Urea nitrogen, 196 mg per hundred cc, incoagulable 
nitrogen, 40 3 mg per hundred c c , uric acid, 2 8 mg per hundred c c , creatinin, 
18 mg per hundred cc , cholesterol, 0 904 per cent Basal metabolism 30 7 
calories ( — 18 per cent ) 

Diagnosis — On entrance a diagnosis of chronic diffuse nephritis was made 

Ti eatmcnt — The patient was put first on a Karrell diet, then on a carbo- 
hydrate and high protein diet successively, but apparently with little benefit 
A salt free diet and diuetics (theobromin sodio-salicylate) reduced the edema 
somewhat, and the weight fell from 106 to 97 pounds, but no further removal 
of fluid could be effected, and conditions remained stationary Two months 
after entrace a high protein diet was again instituted, and, in addition, small 
doses of thyroid extract were given Within two weeks the edema had dis- 
appeared entirely and the weight had dropped to 85 pounds The failure of 
the high protein diet at first was due to the fact that it was impossible to get 
the patient to eat because of her extreme illness Albuminuria was present 
at the time of discharge 

Case 2 — Hisfoiy — Rose B, aged 27, whose past history is of no importance, 
had noticed for eighteen months an increasing swelling of the legs, thighs and 
external genitalia, pallor and nocturia 

Examination — Pallor and generalized edema Blood pressure 110/70, 
phenolsulphonephthalem output was 45 per cent in two hours The urine 
contained large amounts of albumin, many hyaline and granular casts, but no 
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blood cells The Wassermann was four plus A Wassermann test made at the 
Beth Israel Hospital one year ago was negative 

Blood ChemtsUy— Ur nitrogen, 22 4 mg per hundred cc, incoagulable 
nitrogen, 47 8 mg per hundred c c , uric acid, 2 4 mg per hundred c c , creatinin, 
1 6 mg per hundred c c , cholesterol, 0 364 per cent Basal metabolism 32 
calories ( — 15 per cent ) 

Tt eatment —The patient was put on a high protein diet and thyroid extract 
Within one week after institution of this therapy she began to void large 
amounts of urine and continued to do so for two weeks At the end of this 
time the edema disappeared, the weight had dropped from 137 to 122 pounds, 
and the basal metabolism had risen to the normal value of 37 8 calories Ten 
days after the disappearance of the edema neo-arsphenamin therapy was insti- 
tuted, on the supposition that syphilis entered as an etiologic factor, but after 
four injections, at weekly intervals, it had to be discontinued because of 
increasing albuminuria This patient was followed in the outpatient depart- 
ment for several months and recurring edema u as readilj controlled by thj roid 

This case is very similar to the one reported by Waldrop and Behi,‘ 
as a syphilitic nephrosis with generalized edema, anemia, and high blood 
lipoids developing in the secondary stage of syphilis, which proved 
refractory to antisyphilitic treatment, but responded to thyroid therapy 
with complete disappearance of the edema 

Case 3 — Histoiy — Esther S, aged 33, was admitted to the hospital, Juh 
15 1921 She had had pyelitis four and a half jears previously, salpingitis 
one year ago For months previous to admission there had been gradually 
increasing edema, ascites and hydrothorax 

Examination — The urine contained three plus albumin, hyaline and granular 
casts Blood pressure 95/60, phenolsulphonephthalein excretion, 35 per cent 
in two hours 

Blood Chemistry — Urea nitrogen, 14 mg per hundred cc , nonprotein nitro- 
gen 315 mg per hundred cc , uric acid, 4 5 mg per hundred cc , cieatinin, 
1 5 mg per hundred c c , cholesterin, 0 375 per cent 

Tr catrnent — For the first two weeks the patient w^as put on a high protein 
diet but wuth no improvement, with rather a slight increase in edema, the 

weight rising from 153 to 157 pounds She then was given a salt free low’ 

protein diet, with fluids limited to 500 c c and various diuretics (caffem, digi- 
talis and theobiomin sodio-sahcjlate) Her condition grew steadily w’orse, the 
edema increased rapidly and September 5 her weight W’as 175 pounds Dur- 
ing this period there w’as a fluid retention of from 150 to 400 cc daily 
September 5, the high protein feeding was again instituted, at first w’lth little 
impro\ ement September 14 examination showed a basal metabolism of 30 
calories, a decrease of 18 per cent below normal Thyroid extract was then 
given Within a w'cek there was a diuresis and for the first time the fluid 

output exceeded the intake by from 350 to 500 c c daily October 29, the 

patient w’eighed 142 pounds the basal metabolism had risen to — 4 per cent 
and only a trace of albumin was being excreted in the urine 

Case 4 History Maude E , aged 29, had had a bilateral ovarectomy done 
ten A ears previouslj’ Her present illness began about four months ago with 
swelling of the legs, arms and face 

Examination Generalized edema of moderate degree Blood pressure 
110/70 The urine contained four plus albumin, hyaline and granular casts, the 
specific gravity was between 1010 and 1022, phenolsulphonephthalein, 30 per 
cent m two hours 
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Blood CheimsUy — January 6 Urea nitrogen, 182 mg per hundred cc, 
incoagulable nitrogen, 39 5 mg per hundred c c , uric acid, 2 5 mg per hundred 
c c , creatinin, 1 1 mg per hundred c c , cholestenn, 0 508 per cent Basal 
metabolism 34 5 calories ( — 8 per cent) 

Tieatment — A high protein diet and thyroid therapy was followed b> the 
complete disappearance of edema within two weeks At the same time there 
was a progressive diminution in the amount of albumin lost in the urine 
Then, for some unknown reason, the intense albuminuria recurred, edematous 
swellings reappeared, the basal metabolism dropped to — 13 per cent, and 
the blood cholesterol rose to 0 8 per cent 

It IS evident from this relapse that the cause operative in this case 
had not been eliminated and that the therapy was inadequate Inciease 
m the dosage of thyioid resulted in amelioration of the condition, but 
the ultimate outcome is still in doubt 

Case 5 — Histoiy — Ira S, aged 35, had marked generalized edema twelve 
years previously, accompanied by diminished urinary output Condition lasted 
one and a half j'ears He had a similar attack six years ago and again one 
year ago One week before entrance he developed slight generalized edema 
which cleared up very quickly He eats freely during these attacks 

Exaimnatton — Negative, no cardiac hypertrophy or edema Blood pressure 
105/68 Urine contains three plus albumin, hyaline and granular casts 

Blood Chemistry — Urea nitrogen, 154 mg per hundred cc, incoagulable 
nitrogen, 35 8 mg per hundred c c , uric acid, 2 4 mg per hundred c c , 
creatinin, 1 3 mg per hundred c c , cholestenn, 0 320 per cent , total serum 
protein, 4 3 per cent Basal metabolism 33 4 calories, — 15 pei cent 

The findings in this case are of special interest because they indicate 
that the depression m basal metabolism is not dependent on the presence 
of edema, but is one of the essential phenomena in this disease 

Case 6 — Histoiy — Frank S, aged 36, had a pulmonary tuberculosis of seven 
years’ duration For the last seven months there had been generalized edema, 
dyspnea and gastric distress 

Examination — Extensive_ bilateial pulmonary inyolyement, marked edema 
Blood pressure 125/80 The urine contained large amounts of albumin, hyaline 
and granular casts The phenolsulphonephthalem output was 25 per cent m 
two hours 

Blood Chemistiy — Urea nitrogen, 182 mg per 100 cc , incoagulable nitro- 
gen, 38 5 mg per hundred c c , uric acid, 1 7 mg per hundred c c , creatinin 
13 mg per hundred cc , cholesterol, 0484 per cent Basal metabolism 44 2 
calories, -f- 12 per cent (afebrile course) 

Sputum positive for tubercle bacilli 

Tieatment — This case was at first considered one of nephrosis and the 
patient was put on a high protein diet for two weeks with no improvement 
The case was then complicated by the development of a tuberculous otitis 
media and mastoiditis Wien this subsided, the patient was put on a Kairell 
diet Within three days there was a diuiesis and the edema disappeared 
within two w'-eeks on a restricted diet There was no elevation of tempera- 
ture to account for the slightly increased basal metabolism 

Case 7 — Histoiy — Yetta R, aged 28, had scarlet fever in childhood This 
was a typical case of chronic diffuse nephritis with slight edema Blood pres- 
sure 145/100 Hemoglobin, 29 per cent , erythroev tes, 1,800,000 The urine 
pontained albumin three plus, many hv aline and granular casts 
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Blood Chcmistiy — Urea nitrogen, 82 6 mg per hundred cc , incoagulable 
nitrogen, 146 7 mg per hundred c c , uric acid, 9 mg per hundred c c , creatmin, 
8 8 mg per hundred cc , cholesterol, 0290 per cent Basal metabolism 376 
calories , normal 


Conise — An attempt to relieve the edema with the high protein feeding 
was unsuccessful Other measures were also of no aid The patient left the 
hospital unimproved 

Case 8 — Htstojy — Peppie W, aged 54, for several months noticed failing 
vision, nocturia and weakness Blood pressure 180/95 No edema Albu- 
minuric retinitis Phenolsulphonephthalem output was 45 per cent in two 
hours The urine contained albumin two plus, hyaline and granular casts 

Blood Chemist] y—Urez nitrogen, 182 mg per hundred cc , incoagulable 
nitrogen, 52 5 mg per hundred c c , uric acid, 1 7 mg per hundred c c , creatmin, 
11 mg per hundred cc , cholesterol, 0412 per cent Basal metabolism 38 6 
calories, + 6 per cent 

Course The patient’s condition remained unchanged on a restricted diet 
and she was discharged unimproved 

Case 9 Histoiy Isadore T, aged 48 Past history of no importance 
Present illness began six months ago with severe frontal and occipital head- 
aches, vertigo and anorexia 

Araminahon— Cardiac hypertrophy Blood pressure 235/130 and 244/135 
1 he urine contained a faint trace of albumin and hyaline casts , specific gravity 

ranged between 1 016 and 1 022 The phenolsulphonephthalem excretion was 
25 per cent m two hours 


^ ^ hundred cc , incoagulable 

■p -3 ,5 per hundred c c , uric acid, 3 5 mg per hundred c c , creatmin, 

hundred cc , cholestenn, 0254 per cent Basal metabolism 41 
calories, -{-6 per cent 

condihon'^~^^^^ ^ restricted diet with little change in his 


ao-am six veard acrn tt Nephritis eleven years ago and 

edema of moderat^ H or t e past three weeks there has been generalized 
and lumbar pain accompanied by severe headaches, partial blindness 

220/140 The ^urine^*r^m”^^^^ retinitis, cardiac hypertrophy Blood pressure 

3 per cent in two hours ^ Phenolsulphonephthalem excretion was 

nitr^ogen"! 7^7 ' mg'' ^VTundreTc c ^^nc' acid'" 3 ^ 3 “"'^'"'^ c c incoagulable 

r Tcifonel c?nt ^ 1 M^O^percenr B^alm^etaVo: 

restricted diet change m the condition of this patient while on a 


e]^ ' ^ unquestionably one of chronic interstitial nephritis and 

ca normal basal metabolic rate The first five cases are true 
p irose and show a definitely decreased basal metabolism The edema 
ai) oft ^ protein diet and thyroid therapy after 

l b,”? B (Case 2) showed a 

larkable diuresis following high protein and thyroid The basal 

metabolism returned to normal coincident with the clinical improve- 
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merit, but the blood cholesterol remained practicall}' unchanged In 
spite of a 4 plus Wassermann, antisypliilitic treatment only aggravated 
the condition 

Esther S (Case 3) at first showed no improvement with the high 
protein diet, low salt and low protein diet, restricted fluids and diuretics 
Then, when th3Toid was given in combination with a high protein diet, 
a remarkable diuresis followed, with rapid disappearance of the edema, 
and a loss of 23 pounds in four weeks In this case, apparent!} , the 
patient was unable to utilize adequately the protein given until thyroid 
was administered 

Maude E (Case 4) presented a typical case of nephrosis which at 
first responded to a high protein diet and small doses of thyroid The 
subsequent relapse, we believe, was due to insufficient th}roid dosage 
or utilization This case is still under observation 

Ira S (Case 5) had a nephrosis in the nonedematous stage The 
reduced basal metabolism and the chemical findings characteristic of 
this type of disease were present This is of particular significance as 
it demonstrates that the lowered metabolism in tins condition is not 
due to tissue dilution 

Isadore T (Case 9) had an essential hypertension with secondary 
nephrosclerosis The blood chemistry indicates moderate nitrogen leten- 
tion and slight increase m cholesterol The basal metabolism is normal 

Peppie W (Case 8) and Yetta R (Case 7 ) had a chronic diffuse 
nephritis The blood chemistry is, in the main, like that of the hyper- 
tensive types of nephritis (chronic difituse nephritis and nephro- 
sclerosis) differing only m the presence of a hypercholestennemia We 
believe that the high blood cholesterol may be due to a hpoid mobiliza- 
tion following the loss of much albumin through the kidney, and there- 
fore does not indicate necessarily a primary metabolic disorder This 
IS supported by the fact that the basal metabolism m these cases is 
normal 

Frank S (Case 6) was regarded as having a nephrosis with a 
slightly increased basal metabolism Here we have the complicating 
factor of tuberculosis The failure of the high protein diet and thyroid 
therapy in addition to the increased basal metabolic rate suggests that 
this condition has a tuberculous basis, and that the nature of the renal 
disturbance was that of an amyloid kidney 

In 1917 Aub and DuBois ^ reported metabolic studies on ten cases 
of nephritis Five of these were diagnosed as chronic interstitial 
nephritis and showed normal metabolic rates corresponding to our find- 
ings The remaining cases of their group were diagnosed as chronic 
parenchymatous nephritis with edema and may be summarized as 
follows 
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Joseph U , scarlet fever five years before entrance Generalized edema for 
previous to admission The urine contained albumin three plus, 
hyaline, granular and pus casts The blood pressure was 175/108-149/84 The 
blood chemistry Urea nitrogen, 57 4 mg per hundred c c , incoagulable nitro- 
gen, 100 mg per hundred c c , creatimn, 1 91 mg per hundred c c Basal 
metabolism varied from — 7 to -4-14 per cent 

The patient did well on a mixed diet of 1,500 calories, 5 gm nitrogen, and 
hot air baths Edema disappeared almost entirely Was doing well ivhen he 
suddenly became ill, developed pneumonia and died eleven days after the onset 
of the infection 

William S, aged 27, for one year bad a recurring edema There was 
marked edema at entrance The urine contained large amounts of albumin, 
h> aline and granular casts Blood pressure, 178/90 The blood chemistry 
Urea nitrogen, 17 3 mg per hundred c c , nonprotein nitrogen, 41 7 mg per 
hundred cc Basal metabolism, -t-4 per cent 

The patient improved steadily on a restricted d et 

Adam P , aged 26 history of rheumatic fever The urine contained large 
amounts of albumin, hvalme and granular casts There was marked generalized 
edema The blood pressure was 200/130 The blood chemistry Urea nitrogen, 
34 3 mg per hundred c c , creatimn 0 5 mg per hundred c c , uric acid, 3 7 
mg per hundred c c Basal metabolism ranged from — 10 to — 13 per cent 
The patient improved on a restricted diet and hot air baths, with the dis- 
appearance of the edema within three weeks 

Lee H , aged 21 Past history was not obtained Marked edema was 
present The urine contained albumin three plus many hj’^aline and, granular 
casts The blood pressure was 115/80 The blood chemistry Urea nitrogen, 
32 mg per hundred c c , creatimn, 0 84 mg per hundred c c Basal metabolism, 
— 13 per cent 

This patient was put on a restricted diet, the edema continued to increase, 
the u eight increased, and the basal metabolism dropped to — 27 per cent The 
patient died and postmortem aspiration of the pleural cavity and abdomen 
\ielded a milky fluid containing very feu cells 

Enjo-.! S, aged 13, history negative except for mild sore throat There was 
marked geneialized edema Blood pressure 145/105 The urine contained 
large amounts of albumin and man) hj aline and granular casts The blood 
chemistr}’’ Urea nitrogen, 14 5-22 6 mg per hundred cc , nonprotein nitrogen, 
19 7 mg per hundred cc Basa] metabolism —40 per cent 

A restricted diet low in nitrogen was of no benefit The edema steadily 
increased and the patient died 

No hpoid studies were made m these cases 

It wili be noted that tn the three cases with normal metabolic rates 
the edema disappeared on restricted diets In the two cases with 
marked decrease in basal metabolism, the edema steadily increased on 
1 estricted diets and both patients died We believe that these two cases 
of Aub and DuBois correspond to our Cases 1, 2 and 3, which we 
regard as cases of true nephroses and which have yielded to high 
protein therap}'' That our assumption of a respiratory quotient of 
0 82 does not inv'^alidate our basal metabolic determination in these 
cases IS also shown by those observ'-ers In twelve of their fourteen 
observations on nephritis the respiratory quotient ranged from 0 78 to 
0 84 In only two cases were there abnormal values and these patients 
were on carbohydrate diets 
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Basal metabolism studies on this group of cases have been under- 
taken onl)'- recentl)^, and because of this, the number of cases leported is 
still relatively small However, they gam added significance from the 
results of thyioid therapy recently reported by Epstein,'^ Eppingei,^ 
Volhard ® and others, in the treatment of a anous forms of edema, 
particularly wai edemas, and others m which the factor of piotein 
deficiency enters The cases repoited above show that those which 
respond to protein therapy are accompanied by a subnoimal basal 
metabolism This seems to us to be a logical finding m mow of the 
associated defective protein metabolism, and may be explained by the 
diminution of the specific dynamic energ}^ normally imparted by the 
pioducts of protein catabolism In this way the basal metabolism 
determination serves as an indirect measure of the protein deficiency, 
and may be an added diagnostic and therapeutic index of consideiable 
value That the beneficial effect of th 3 ^roid is due entiiely to its stimu- 
lative influence on basal metabolism is open to question, and it is quite 
probable that its effect in promoting the utilization of exogenous and 
endogenous piotein, as demonstiated by Magnus-Levy, von Norden 
et al , explains its action This phase of the subject, however, is still 
a matter for further investigation, but that a low metabolic late in 
Itself IS not sufficient to cause edema is shown by the following two 
cases 

C\SE 11 — A.rtlnir S, aged 20, a psychopath who on a self-imposed low 
calory, low protein diet reduced his weight fioni 146 to 73 pounds 

Basal metabolism 22 7 calories, — 42 per cent Blood cholesterol 0102 
per cent 

Case 12 — Rose Y, aged 21, a cretin, on thyroid therapy and under obser- 
vation for fifteen years Symptoms entirel}" neurologic 

Basal metabolism 32 calories, — 15 per cent Blood cholesterol 0130 
per cent 

Neithei of these patients developed at any time eithei edema oi 
myxedema It will be noted that these aie the only two instances in 
which a low metabolic rate is associated with a low blood cholesterol, 
indicating the importance of increased lipoids as an accessoiy factor 
111 edema In these cases with a low basal metabolism the protein 
utilization IS apparently ummpaired , a factor considered by Rubnei as 
significant in the prevention of edema m cases of starvation Further, 
it IS of inteiest to note that m hyperthyroidism, a condition m which 
emaciation of great degree ma} occur, but m which the basal metabolism 
and protein utilization are increased, edema is practically never 
encountei ed 

In Table 6 ten menopause cases are reported All haie normal 
basal metabolic rates, but the blood cholesterol figures range from 0 182 
to 0 394 per cent The tendency to a hypercholestennemia is noted m 
these cases In this connection \\e wish only to point out the impor- 
tance of the climacteric period as a factor m the elevation of blood 
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TABLE 6 — Menopause Cases 


Acc No 

Name 

Age 

Date 

Basal Metabolism 

Blood 
Cholesterol, 
Per Cent 

Calories 

Ber Cent 

20S950 

A M 

42 

April 15 

42 

+13 

0182 

20S9S2 

G L 

47 

Mar 31 

40 

+12 

0 230 

20S949 

T A 

40 

Mar 31 

37 8 

+ 3 

0192 

209157 

S K 

48 

April 7 

39 8 

+10 

0 248 

209174 

0 B 

45 

April 7 

40 

+10 

0 220 

209242 

A E 

40 

April 11 

38 

+ 4 

0 206 

209169 

E E 

47 

April 18 

36 

Normal 

0 394 

209561 

A E 

45 

April 21 

36 5 

Normal 

0182 

209671 

H W 

45 

April 25 

yT 0 

+ 4 

0 240 

209648 

T E 

42 

April 25 

37 

Normal 

0 242 


cholesterol, so that no false conclusions will be drawn in cases at this 
age with subnormal basal metabolism 

In Table 7 are recorded conditions in which either the blood 
cholesterol or the basal metabolism is subject to variation These cases 
are too few to permit the drawing of any conclusions, but it will be 
seen that the inverse relationship between basal metabolism and blood 
cholesterol holds true m most of them, with the exception of the blood 
conditions 


TABLE 7 — ^Miscellaneous Group 


Acc No 


Age 

Sex 


Basal Metabolism 

Blood 
Choles 
terol, 
Per Cent 

Diagnosis 





Calo 

ries 

Per 

Cent 

211699 

B 

E 

20 

9 

Oct 

21 

37 8 

Normal 

0 218 

Cholelithiasis 

205390 

D 

E 

35 

9 

Nov 

10 

37 5 

Normal 

0178 

Cholelithiasis 

205132 

s 

K 

49 

9 

Oct 

23 

36 

Normal 

0130 

Pernicious anemia 

205808 

A 

M 

49 

d" 

Dec 

2 

43 

+10 

0 236 

Lymphatic leukemia 

208909 

s 

K 

30 

d 

Mar 

29 

42 5 

+ 7 

0 084 

Polycythemia vera 

207396 

B 

A 

42 

9 

Feb 

15 

38 6 

+ 6 

0 284 

Obesity 

204394 

E 

0 

19 

d 

Oct 

2 

35 

— 8 

0 308 

Hypopituitarism and 
glycosuria 

20S255 

C 

H 

25 

9 

Mar 

12 

40 

+ 6 

0160 

Achondroplasia 

208109 

M 

B 

42 

2 

Mar 

3 

36 4 

Normal 

0174 

Splenomegaly with 
anemia 

206713 

H 

G 

17 

9 

Dec 

28 

55 

+32 

0100 

Gaucher splenomegaly 


DISCUSSION 

The material presented, we believe, shows that the relationship 
existing between the metabolic rate and the blood cholesterol in thyroid 
disease is more than an incidental one The low blood cholesterol 
values with an increased metabolic rate and the high values with a 
depressed basal metabolism, lead one naturally to believe that it may 
be only a matter of combustion , an increased rate of oxidation causing 
increased consumption of available lipoid, and vice versa We do not 
believe that this is the complete explanation However, until more 
is known about the metabolism of lipoids in the body, any explanation 
must be based on hypotheses, as yet incapable of proof The more 
recent work of Marine and Bauman,® in which they demonstrated a 

8 Marine, D , and Bauman, E J Am J Physiol 57 135, 1921 
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use m basal metabolism following the destiuction of the supiaicnal 
coitex 111 labbits, is especially suggestive, in the light of the close 
relationship existing between the supraienal coitex and the blood 
cholesterol Marine and Bauman suggest that the supiaienal cortex 
may have an mhibitoiy function m the legulation of basal metabolism 
The possibility exists that such a power may be inheient in its lipoid 
content which is known to vaiy with that of the blood ” In Addison’s 
disease, foi example, the blood cholesteiol is very low It is also known 
that in fatal cases of exophthalmic goitei the hpoid content of the 
supiaienal coitex is gieatly i educed 

Wasting diseases othei than hypeithyioidism are associated with 
a low blood cholesteiol The diagnostic value of a low cholesteiol is 
doubtful, but a noimal oi elevated figuie must be a laie finding in 
exophthalmic goiter In enlaigements of the thyioid with toxic symp- 
toms the hpoid content may be out of piopoition to the metabolic rate, 
but this is explained by the menopause facloi which lends to give a 
highei initial figuie Once established in connection with the basal 
metabolic late, we believe that repeated cholesteiol determinations offei 
a satisfactory method of following the couise of thyioid toxicity This 
IS of special value in judging the effect of thyroid therapy in myxedema 
and allied conditions of hypothyi oidisin It is known that in some 
cases of hypeithyioidism, the basal metabolism does not coriespond to 
the severity of the condition as obseived clinically This is to be 
expected as the damage to the myocaiditim, neivous system and body 
leseive outlasts the elevation of the metabolic late We believe that in 
these cases the blood cholesteiol, as an index of the hpoid content of 
the supiaienal coitex and body tissue, may be of considerable value in 
piognosis, and as an indication of the safety of opei alive proceduie 
It IS woith noting that the patient with a blood cholesteiol of 0 095 
pel cent died on the opciating table 

In nephiosis, we believe basal metabolism deteiminations will prove 
to be of gieat value in diffeientiating cases suitable foi high piotein 
and thyroid theiapy The subnoimal metabolism found in these cases 
IS not necessaiily due to a hypothyi oidism but to defective piotem 
metabolism, with its associated diminution of the specific dynamic 
eneigy noimally impaitcd by pioclucts of protein catabolism In this 
way the basal metabolism deteiminations sene as an indiiect measure 
of piotem deficiency We believe that the beneficial effect of thyioid 
IS not due entnely to its stimulative action on the rale of oxidation, 
as a subnoimal metabolism in itself is not sufficient to pioduce edema 
The effect of thyioid in promoting the utilization of piotem probably 
explains its ultimate influence on edema 


9 Rothschild, M A New York Path Soc 14 (Oct) 1914 
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INTRODUCTION 

With the introduction of simple and reliable microchemical methods 
of analysis, the determination of the concentration of metabolites in 
the blood has become an accepted clinical procedure Consequently, the 
relation of metabolites in the blood to their distribution throughout the 
entire organism is a subject of clinical as well as theoretic interest I 
wish here to consider the distribution of metabolites in the body as a 
whole in relation to their concentration in the blood 

Three methods have been applied in studying metabolite dis- 
tribution The first, which is used in this report, consists in parallel 
determinations of the metabolites in the blood and m the various body 
fluids The second method consists in the postmortem analyses of tissues 
to detemime their respective metabolite content The third method is 
tlie study of the effect pioduced by the ingestion of a given quantity of 
meat, or urea, and the resultant changes in the blood metabolites, con- 
trolling the experiments with nitrogen excretion determinations The 
limitations of each of these tliiee methods will be discussed later 

The first parallel analyses of urea were made by Javal and Adler 
in 1906, using the hypobromite method In four cases they found 
the urea content of different fluids from the same cases in practical 
accord Javal and Boyet - reported ten cases with a similar agreement 
in 1910 In 1911, Ja'vaU made parallel urea estimations on the blood 
and cerebrospinal fluid in eighteen cases, blood and edema fluid in 
four cases, pleural and edema fluid in one case, blood and pleural 
fluids in five cases, and pleural and cerebrospinal fluids in five cases 
The urea concentrations in the fluids from the same cases were virtually 
identical Ja\al concluded that “when the urea increases in the serum 
it also increases simultaneously in the organism and diffuses through 
all the fluids of the organism in the same concentration in which it 
occurs in the serum The blood contains from 30 to 35 mg 

*From the Universit 3 ^ Medical Service and the Chemical Laboratory, Min- 
neapolis General Hospital, and the Department of Medicine, University of 
Minnesota , 

1 Javal and Adler Seances et Mem de la Soc de Biol 61 235, 1906 

2 Javal and Boyet Ibid 68 527, 1910 

3 Javal J de phjs et de path gen 13 508, 1911 
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niea nitrogen per hundred cubic centimeteis Normally, the cerebio- 
spinal fluid contains about the same quantity” Javal’s figures aie 
approximately twice those now considered normal for blood uiea 
nitrogen, doubtless because the hypobromite method used gi\es nitrogen 
other than urea nitrogen added to the true urea nitrogen figme ‘ 
Rosenbeig,® in 1914, made parallel determinations of urea, cieatinin 
and indican in the blood and in the ascitic, pleural, and cerebiospinal 
fluids of nephntics He also used the hypobromite urea method 
Normal subjects weie not studied Rosenberg concludes that “in 
uremia, the urea content of the pleural and peritoneal fluids is fiom 
80 to 100 per cent of the blood The creatinin content is up to 20 per 
cent of the blood, and the indican is equal to the blood The ceiebio- 
spinal fluid contains from 56 to 96 per cent of the uiea content of the 
blood, and from 37 to 75 per cent of the blood creatinin ” With the 
exception of considerably higher creatinin percentages foi the body 
fluids, these findings coincide with those reported here Using modern 
microchemical methods, Bernhard ® found the nonprotem nitrogen, uiea 
nitrogen, sugar and chlorides m eleven tiansudates and exudates to be 
comparable to those of normal blood He did not make parallel 
analyses of the blood at the same time, and does not state whether or 
not the fluids were obtained with the patient in the fasting state 

The sugar content of transudates and exudates compared to the 
sugar content of the blood at the same time has been studied by Haglei 
and Schumann,'^ using the method of Bang Of six pleural transu- 
dates, all but one had as high a sugar content as the blood, or higher 
In twenty pleural exudates, the sugar content was usually lower than 
that of the blood , in eight peritoneal transudates it was slightly higher, 
and in seven cases of peritonitis it was slightly lower than the normal 
blood sugar The ingestion of 100 gm levulose or dextrose caused 
parallel increases in the sugar content of blood and fluids From 
parallel analyses on the blood and fluids in five cases with pleuritic, 
and four cases with ascitic effusions, Dennis and Minot ® conclude that 
the urea, uric acid, creatinin and nonprotem nitrogen occur m the 
same concentration in exudates and transudates as in the blood They 
found the sugar content of the four ascitic fluids somewhat higher 
than that of the blood, contrary to the pleuritic fluids, which had a 
somewhat lower sugar content 

4 Herter and Wakeinan J M Research 4 119, 1899, Johns Hopkins Hosp 
Rep 9 69, 1900 

5 Rosenberg Berl klin Wchnschr 49 1314, 1916 

6 Bernhard Interstate M T 49 188, 1918 

7 Hagler and Schumann Med Klin 9 1810 1913 

8 Dennis and Minot Arch Int Med 20 879 (Dec ) 191/ 
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Seham and Nixon ® have recently investigated the chemistry of nor- 
mal and pathologic spinal fluids Their complete summary of the exten- 
sive literature makes further citation unnecessary They report an 
average spinal fluid sugar content of 56 2 pei cent of the blood sugar in 



Case of chronic nephritis illustrating parallel distribution of urea nitrogen, 
crcatinin and sugar in the blood, ascitic fluid and right and left pleural 
effusions 


normal cases, -unth a maximum of 70 3 per cent and a minimum of 47 8 
per cejit Their findings for sugar are comparable to those of previous 
investigators In four normal subjects they found the spinal fluid 


V Seltam and Nixon Arch Int Med 28 561 (Nov) 1921 
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creatinin to average 95 5 per cent of the blood ci eatinin. and the dis- 
eases with high blood creatinin exhibited a coi responding increase in 
the creatinin content of the spinal fluid In four normal subjects the 
uiea content of the spinal fluid averaged 62 15 per cent of the blood 
urea, with a range of from 45 5 to 174 6 per cent in pathologic cases 
Their findings for urea differ from those of Cullen and Ellis, who 
report almost complete agreement between the uiea content of the 
spinal fluid and the blood Meyeis and Fine^^ found in nephntics that 
the fonner averages 88 per cent of the lattei The figuies of Seham 
and Nixon are somewhat higher for spinal fluid cieatinin, and some- 
what lower for urea, than those reported in this paper 

The various investigators of the metabolite distribution between 
the blood and othei body fluids thus appear m fairl}'- close agreement 
They find both the nitrogenous metabolites and the sugar in appioxi- 
mately the same concentration m fluids and in blood The per- 
centages for the blood are usually slightly highei than foi the other 
fluids, but an increase m the blood values appears to be associated with 
coi responding increases in the values m the fluids 

PROCEDURE 

This stud)' is concerned with further imestigation of the distiibution 
of metabolites between the blood and othei body fluids, primarily in 
cases in which the blood exhibits no retention of metabolites A few 
cases with increased retention are included for comparison 

In all cases the blood and fluids weie obtained simultaneously The 
patients were kept without food overnight, and the samples were 
obtained before breakfast, Jacobsen and Edwards having shown that 
there may be an increase in blood urea, as well as blood sugar, following 
the ingestion of an ordinal) meal The specimens weie immediately sent 
to the laboratory, where parallel determinations of the sugar, uiea 
nitrogen and creatinin were done Most of the deteiminations were 
made in less than half an houi after withdrawal of the fluids from the 
patient The analyses were all made by the same person Double 
estimations on the same specimen weie frequently made to check the 
technic, with results well within the limits of experimental error Urea 
nitrogen was estimated by Van Slyke and Cullen’s modification of 
Marshalks urease method, creatinin by the method of Folin,^"* sugar 
by the method of Lewis and Benedict A Kober colorimeter was 

10 Cullen and Ellis J Biol Chem 20 511, 1915 

11 Me 3 'ers and Fine J Biol Chem 37 239, 1919 

12 Jacobsen and Edwards Am J M Sc 159 579, 1920 

13 Van Slj'ke and Cullen J Biol Chem 24 117, 1916 

14 Folin J Biol Chem 17 475, 1914 

15 Lewis and Benedict T Biol Chem 20 61, 1915 ' 
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employed The percentage concentration of the metabolites in each 
fluid was obtained by dividing the concentration of the metabolite in the 
fluid, times 100, by the concentration of the metabolite in the blood 


CLASSIFICATION OF MATERIAL 

In all, fifty-five fluids from thirty-six cases were analyzed As 
often as possible, more than one fluid was obtained from the same 
case Several cases were used more than once, but at each fluid 
determination a parallel blood analysis was done at the same time The 


TABLE 1 — Classification of Cases According to Groups 


Group 


Cases 

I 

Fffusions m cases mth normal blood metabolites 


31 


Ascitic transudates 

13 



Thoracic transudates 

7 



Ascitic exudates 

4 



Thoracic exudates 

7 


II 

Effusions in cases ivith increased blood metabolites 


4 


Ascitic transudates 

1 



Thoracic transudates 

3 


III 

Cerebrospinal fluids in cases tv th normal blood metabolites 


15 


Normal fluids 

7 



Pathologic fluids 

S 


IV 

Cerebrospinal fluids in cases nith increased blood metabolites 


0 


Noinnl fluid 

1 



Pathologic fluids 

4 


Total 


55 


TABLE 2 — Grouping of Fluids According to Clinical Diagnoses 


DiigncSiS Cases 

Chronic nephritis 10 

Hepatic cirrhosis 9 

Carcinoma 4 

Tuherculous pleurisy 4 

Tabes dorsalis 3 

General paresis 3 

Jlvocardial degeneration 2 

Tuberculous peritonitis 2 

Empjema 2 

Hjsteria 2 

Aneurism 1 

Hydrocele 1 


total 


Diagnosis Cases 

Pohserosit'H 1 

Acute peritonitis 1 

Acute pericarditis 1 

Cholecystitis 1 

Neurasthenia 1 

Dementia praecox 1 

Aeurosvphilis 1 

Lethargic encephalitis 1 

Cerebrosuinal meningitis 1 

Uremia 1 

Alcoholism 1 

Normal 1 


55 


cases have been arranged in four groups (Table 1) The clinical 
diagnoses are arranged in Table 2 

EXPERIMENTAL RESULTS 

The results of the determinations are given in Tables 3 to 8, and 
for comparison the average figures for each group are arranged in 
Table 7 In the cases with normal blood metabolite concentration, the 
sugar content of the ascitic transudates averaged 96 47 per cent 
of the blood sugar, with a minimum of 51 per cent and a maximum 
of 112 per cent In the same cases the average ascitic urea nitrogen 
was 95 90 per cent of the blood urea nitrogen, with a minimum of 60 
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per cent and a maximum of 180 per cent In this group the percentage 
of creatmm averaged somewhat less, from 67 31 pei cent . with a 
minimum of 30 per cent and a maximum of 91 pei cent of the blood 
creatmm The aveiages for the coi responding group of thoiacic tiansu- 
dates, in cases with normal blood metabolites, was quite similai In this 


TABLE 3 — Group I A Ascmc and Thoracic Transodaies with Norm\l 

Blood Metabolite Concentrations 


Case 

No 

Fluid 

Diagnosis 


Sugar 


liiea Nitrogen 

Creatinin 

Blood 

Fluid 

Per 

Cent 

Blood 

I'luid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 

1 

Ascitic 

Carcinomatosis 

OOOG 

0102 

lOG 25 




1 8-14 



2 

3 

Ascitic 

Ascitic 

Carcinomatosis 

Hepatic cir- 
rhosis 

0104 

0 080 

7G90 

17 85 

■ 

78 00 

1 410 

1 700 



4 

Ascitic 

Hepatic cir- 
rhosis 

0 08G 

0 071 

82 50 

14 OO 

910 

05 00 

1 790 


91 00 

5 

Ascitic 

Hepatic eir 
rhosis 

0 093 

0 095 

102 00 

17 85 

14 35 

79 OO 

1 950 


||»|B 

6 

Ascitic 

Hepatic cir 
riiosis 

0114 

0105 

92 00 

10 85 

12 GO 


IS’O 


5192 

7 

Ascitic 

Hepatic cir- 
rhosis 

0109 

0 165 

60 00 







s 

Ascitic 

Hepatic cii 
rhosis 

0123 

0 071 

51 OO 

11 55 






9 

Ascitic 

Gastric car- 
cinoma 

0100 

O09G 

90 00 


11 GO 


1 £00 

1 570 


10 

Ascitic 

Hydrocoie 

0 102 

0 087 

85 00 

5 25 

315 


2 300 

1 500 


11 

Ascitic 

Hepatic cir- 
rhosis , 

0 083 

0 093 

112 00 

910 

714 


1 180 



12 

Ascitic 

Hepatic cir- 
rhosis 

0 081 

0 088 


8 05 



1 280 



13 

Ascitic 

Chronic no 
phritis 

0100 

0090 

9C00 




2 250 



Av 

Ascitic 


0 099 

0 090 

90 47 

14 48 

13 84 

95 90 

1 958 

1 318 

07 31 

1 

Thoracic 

Chronic ne- 
phritis 

0 133 

0138 

103 70 

18 88 

21 08 

114 30 

2 770 

2 380 

85 00 

2 

3 

Thoracic 

Thoracic 

Aneurysm of 
arch 

Chronic ne- 
phritis 

0 098 

0100 

0 079 

OVSG 

80 CO 

8GOO 

14 00 

23 00 

13 05 

97 50 

2 110 

2 250 

1 310 

1 730 

02 50 

70 80 

4 

Thoracic 

Chronic ne 
phritis 

0100 

0 088 

88 00 

23 00 

23 SO 

100 30 

2 250 

1 790 

7910 

5 

Thoracic 

Myocardic de- 
generation 

0112 

0091 

81 20 

15 05 

8 40 

55 70 

1 630 

1 no 

coco 

6 

Thoracic 

Myoeardic de- 
generation 

0 094 

0 082 

87 20 

14 00 

5 25 

37 50 

1 7G0 

1 320 

75 00 

7 

Thoracic 

Chronic ne 
phritis 

0133 

0127 

95 48 

IS 88 

18 60 

98 04 

2 770 

2 307 

64 00 

Av 

Thoracic 


0110 

0 099 

90 00 

18 11 

15 23 


2 220 

1 707 

70 £9 

Average 




94 23 

10 27 




1 512 

72 38 


group the average sugar content of the fluid was 90 per cent , with a 
minimum of 80 6 per cent and a maximum of 103 76 pei cent The 
urea nitrogen averaged 84 09 per cent , with a minimum of 37 5 per 
cent and a maximum of 114 3 per cent of the blood urea nitrogen 
The creatmm averaged 76 89 per cent with a minimum of 62 56 per 
cent and a maximum of 85 9 per cent (Table 3) 
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The corresponding exudates showed slightly lower percentages than 
the transudates The sugar content of the ascitic transudates with 
normal blood metabolites averaged 75 55 per cent , with a minimum of 
59 per cent and a maximum of 98 per cent The urea nitrogen 
averaged 70 02 per cent , with a mimmum of 41 per cent and a maxi- 
mum of 113 per cent The creatmm averaged 48 8 per cent , with a 
minimum of 35 per cent and a maximum of 72 per cent In the 
corresponding group of thoracic exudates, the sugar content averaged 
79 32 per cent , with a minimum of 0 (case of acute empyema), and a 
maximum of 106 9 per cent The urea nitrogen m this group averaged 


TABLE 4 — Group I B Ascitic and Thoracic Exudates with Normal 
Blood Metabolite Concentrations 


Case 

No 

Fluid 

Diagnosis 

Sugar 

Urea Nitrogen 

Creatinin 

Blood 

Fluid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 

1 

Ascitic 

Tuberculous 



65 00 

12 78 

5 33 




45 CO 



peritonitis 










2 

Ascitic 

Tuberculous 

■tlEM 


59 00 

29 65 

14 89 

■aoinl 

2 550 


47 00 



peritonitis 










3 

Ascitic 

Polyserositis 




23 55 

22 42 


2 850 


35 00 

4 

Ascitic 

Acute pen 




8 05 





72 CO 



tonitis 










Av 

4scitic 


0113 

0 085 

75 55 

18 66 

1311 


2 370 



1 

Thoracic 

Empyem a 

0 088 

0 000 

00 00 




2 000 

1400 

70 00 

2 

Thoracic 

Tuberculous 

0 083 

0 087 

104 80 

24 05 

22 05 

91 69 

1 740 

1 730 

99 90 

8 

Thoracic 

Tuberculous 

0 098 

0102 

10410 

28 70 

21 30 

73 17 

2 500 

2 050 

82 00 



pleurisy 










4 

Thoracic 

Tuberculous 

0 095 

0 097 

102 20 

12 60 

13 00 

104 00 

2110 

1 780 

84 32 

5 

Thoracic 

Tuberculous 

0101 

0108 

106 90 

22 20 

18 20 

81 90 

1 880 

1760 

93 61 



pleurisy 










6 

Thoracic 

Empyema, 

0 160 

0 096 

60 00 

13 30 

10 15 

76 31 

2 330 

1 600 

69 53 

7 

Pericar 

Acute pen- 

0100 

0 086 

86 00 

14 00 

12 46 

89 00 

2 000 

1 410 

70 50 


dial 

carditis 










A.V 

Thoracic 


0103 

0 08? 

79 32 

19 14 

IG 29 

86 01 

2 066 

1 621 

78 41 

Average 

OIOS 

0 083 

77 93 

18 90 

14 70 

78 01 

2 212 

1 385 

62 16 


86 01 per cent , with a minimum of 73 17 per cent and a maximum of 
100 per cent The creatmm figures averaged 78 41 per cent, with 
a minimum of 69 53 per cent and a maximum of 99 9 per cent 
(Table 4) 

The cerebrospinal fluids m cases with normal blood metabolite 
concentration show consistently lower percentages of metabolites The 
figures for the normal and pathologic fluids yield remarkably similar 
figures The spinal fluid sugars averaged 60 21 per cent , with a mini- 
mum of 40 1 per cent and a maximum of 89 6 per cent In the same 
group the spinal fluid urea nitrogen averaged 66 5 per cent , with a 
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minimum of 39 9 per cent and a maximum of 140 pei cent The 
creatinm averaged 59 8 per cent , with a minimum of 22 03 per cent 
and a maximum of 90 per cent (Table 5) 

Although the bloods from the group of cases with increased 
metabolite concenti ation show a decided use above the normal blood 


TABLE 5 — Group III Normvl and Pathological Cerebrospinal Fluids 
WITH Normal Blood Metabolite Concentrations 


Cise 

No 

riuicl 

Diagnosis 

Sugar 

Urea Nitrogen 

Creatinm 

Blood 

Fluid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 

1 

Normal 

Cholecj btitis 

0102 

0 055 

53 93 

12 60 

4 65 

39 90 

1 148 

0 253 

22 03 

2 

Normal 

Neurasthenia 

0 092 

0 063 

68 48 

13 65 

8 00 

03 00 

0 008 

0 343 

35 33 

3 

Normal 

Gastric car- 

OOSO 

0 037 

46 45 




1800 

1 300 

73 33 



cinoma 










4 

Normal 

Cirrhosis 

0 074 

0 055 

74 82 




2 340 

1 360 

58 12 

5 

Normal 

Hysteria 

0QS7 

0 052 

60 00 




1 807 

1 310 

71 80 

6 

Normal 

Dementia praecov 

0 097 

0 064 

66 00 

9 80 

8 30 

84 50 

1 720 

1 210 

70 SO 

7 

Normal 

Normal 

0 073 



10 85 

700 

64 OO 

2 000 

1200 

00 00 

Av 

Normal 


0 086 

0 054 

61 53 

11 73 

716 

61 00 

1 083 

0 997 

59 20 

1 


Ncurosvphihs 

0102 

0 041 

4010 

18 80 

9 80 

51 60 

1 820 

1 200 

66 00 

2 


General paresis 

0160 

0 084 

50 60 

20 30 

9 80 

48 27 

2 000 

1 470 

73 50 

3 

Path 

Tabes dorsalis 

0102 

0 050 

49 00 




0 060 

0 880 

71 f>6 

4 

Path 

Eneeph letharg 

0126 

0 074 

59 30 




1 416 

0 343 

24 IS 

6 

Path 

General paresis 

0 093 

0 050 

53 76 

11 20 

16 70 

140 00 

1 500 

0 340 

22 SO 

6 

Path 

General paresis 

0105 

0060 

5714 

13 48 

7 64 

56 60 

lOOO 

0900 

00 00 

7 


Tabes dorsalis 

0165 

0139 

89 60 

19 90 

16 80 

84 42 

1 870 

1 310 

70 00 

s 

Path 

Tabes dorsalis 

0 097 

0055 

56 50 

7 77 

4 90 

63 69 

1 780 

1030 

59 90 

Av 

Path 


0118 

0 069 

58 90 

15 24 

10 77 

70 00 

1 343 

0 935 

60 60 

Average 

0102 

0 063 

CO 21 

13 48 

896 

66 30 

1613 

0 935 

59 80 


TABLE 6 — Group II Ascitic and Thoracic Transudates with Increased 

Blood Metabolite Concentrations 


Case 

No 

Fluid 

Diagnosis 

Sugar 

Urea Nitrogen 

Creatinm 

Blood 

Fluid 

Per 

Cent 

Blood 

Fluid 

Per 

Cent 




1 

Aseitic 

Chronic ne 

0 325 

0 259 





288 

2 45 

83 00 



phritis 




! 






1 

Thoracic 

Chronic ne 

0107 

0152 

111 80 




4 22 

3 98 

[ 94 31 

0 

Thoracic 

Chronic ne- 

0 325 

0 308 

91 69 

84 20 

93 00 

110 45 

2 SS 

2 01 

90 02 



phritis 






1 




3 

Thoracic 

Chronic ne- 

0 325 

0 294 

90 46 

84 20 

97 00 

115 20 

288 

2 50 

8611 



phritis 





1 



1 

1 

1 

Av 

Thoracic 


0 252 

0 251 





3 33 

3 03 1 

91 10 

Average 

0 288 

0 255 

88 30 

84 20 

95 50 j 

113 00 

310 

2 74 1 

88 20 


values, the relative concentration of the metabolites m the fluids 
remains much the same as m the cases without retention This indi- 
cates a corresponding increase in the metabolite content of the fluids 
The average sugar content of the effusions with increased blood 
metabolites was 88 3 per cent as compared with 90 per cent in the 
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cases without retention The urea nitrogen averaged 113 per cent, 
as compared with 89 3 per cent and the creatinin 88 2 per cent , as 
compared uith 76 89 per cent in the normal group (Table 6) 

Similarl}. where the blood metabolites are increased, the ceiebro- 
spinal fluids show a corresponding inciease, so tliat the percentage con- 
centration remains approximately the same as in the group without 
retention This is exclusu e of a case of acute meningitis in which no 
spinal fluid sugar was present In this group the average sugar content 
w as 27 7 per cent , with a minimum of 0 and a maximum of 98 7 per 
cent The urea nitrogen averaged 49 8 per cent, with a minimum of 
45 9 per cent and a maximum of 107 9 per cent The creatinin /3 57 
per cent , uith a minimum of 39 74 per cent and a maximum of 102 6 
per cent (Table 7) 

The most significant point shown by the data summarized m Table 8 
IS the lelatue uniformit}^ of the findings m the ^allous groups In 


TM5LE 7 — Group IV Nor5>i*lL and Pathological Cerebrospinal Fluids 
WITH Increased Blood Metibolite Concentrations 


Cn'o 

^0 


1 

Di ignosis ^ 

. 1 


Sugar 


Urei Nitrogen 

Orentmin 

BloodI 

1 

riuid 

Per 

1 Cent 

Blood 

Fluid 

Per 1 
Cent 

Blood' 

Fluid i 

Pei 

Cent 

1 

Normnl i 

H\EterIa | 

0103 1 

OOG9 

65 71 

27 93 

12 78 


3 90 

135 

! 39 74 

n 

Noriml 

Nephritis tabes 

0 099 ! 

0 040 

44 06 

28 70 

SOSO 


2 21 

1 64 

74 40 

3 

Normnl * 

Aleoliolism 1 

0112 

0 091 

80 80 

46 80 

49 70 





i 

Norm il 

Uremia 

0185 

00S3 

j 9S70 




9 74 

9 99 

102 CO 

A\ 

Normal 

1 1 

0120 

0 0T2 





5 28 

4 26 


1 i 

i’nth 

] Cercbro«piml 1 







i 



i 


miningitiE, t ibes,' 












j nephritis ] 



0000 


45 6 1 

42 61 

30 

211 

i 70 33 


engc 

1 

1 

0130 

0 036 

27 70 

7S76 

3S34 1 

49 80 

4 14 

2 073 

73 37 


general, the concentration of sugar, urea nitrogen and creatinin in the 
fluids of all the groups tends to approximate 80 per cent of their 
respective concentration m the blood The spinal fluids are consistently 
lower than the eftusions, approximating 60 per cent of the blood 
figures The concentration of creatinin m all the fluids tends to 
remain relatively low^er than the other metabolites m comparison with 
their respective blood values 

Of special interest is the fact that m Groups II and IV, m wdnch 
the blood metabolites are increased, the percentage of metabolites m the 
fluids m relation to the blood is approximately the same as in the cases 
w ith normal metabolite levels This indicates a definite tendenc}’- tow'ard 
equilibrium in the distribution of metabolites betw^een the blood and 
fluids This parallelism is well illustrated m Chart I, wdnch show's the 
findings from a case of chronic nephntis, wnth ascites and bilateral 
h\drothorax On admission the patient’s blood urea nitrogen w'as 
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87 2 mg pel hundred cubic ceiilimeteis, with uiea nitrogen values 
foi the pleuial effusions and ascitic fluid of 93, 97 and 96 mg pei 
hundred cubic centimeteis, lespectively Five weeks latei, under 
dietaiy lieatmenl and lest in bed, the blood uiea nitiogen had dropped 
to 23 mg , the light pleural effusion to 23 8 mg , the left pleuial effusion 
to 23 8 mg , and the ascitic fluid to 23 1 mg pei hundred cubic centi- 
meteis, lespeclively In anothei five weeks the blood uiea had fallen to 
18 8 mg, with coriesponding drops to 2168, 18 60 and 19 mg per 
hundred cubic centimeters, respectively, in the three fluids The 
cieatinin and sugar values show equally consistent decreases m the 
blood and three fluids Although at the time of the first estimations 
fi\e liters of fluid were lemoved, and five and a half hteis at the time 


TABLE 8 — SuMMARi or Rlsults Avuncn Rpiativl CoNcrNxiiATioN or 
Mltaroiitcs in Tiin Biood and Various Body Fluids 


Clnssiflcntion of JIiilcls 


Mel ibolile Determinations 


Blood 

Mclnbo- 

lites 

No 

Cases 

Source 

Type 


Sugar 


Urea Nitrogen 

Crentinin 

Blood 

riuld 

Per 
Cent « 

Blood 

Fluid 

Per 
Cent * 

Blood 

Fluid 

Per 
Cent ♦ 

Gioup I 

13 

Ascitic 

Trans 

OO'IO 

OOOfl 

00 17 

11 13 

13 81 

05 00 

1058 

1378 

57 31 

Normal 

7 

Tlioraelc 

Trails 

0110 

0 009 

00 00 

isn 

15 23 

84 Od 

2 220 

1 707 

70 80 


4 

Ascitic 

F\url 

0113 

0 0S'> 

75 '»') 

18 80 

13 11 

70 02 

2 370 

1 150 

18 80 


7 

Tlioincic 

1 \ud 

0103 

OOS2 

79 32 

1911 

10 29 

85 10 

2 000 

1 021 

78 41 

Group II 

1 

Ascitic 

Trans 

0 32'> 

0 2'>0 

7(> 00 





2 150 

85 00 

lucre iscd 

S 

Tiioracic 

Trans 

0 2'i2 

0 2".l 


HI 



3 320 


01 10 

Group III 

7 

C S FI 

Nonna] 

OOSO 


02 70 

11 73 

710 

01 00 

1 538 

0 090 


Norm il 

8 

0 S FI 

Path 

0118 


58 80 

15 21 

10 77 

70 00 

1 513 



Group IV 

4 

C S FI 

Nonna] 

0 120 

0 072 

00 00 

50 53 

31 09 

01 10 

5 280 

4 200 

80 09 

Increased 

1 

0 S FI 

Path 

0110 

0 000 

00 OO 

107 00 

15 00 

42 00 

3 000 

2110 

70 33 

Tot il 

es 











Sugar in per cent iiica niliogcn ami cre.Uinin in nulligiiinis pei 100 cc 
Concentration in fluid 

* Per Cent = y 100 

Concentration in Dlood 


of the second deteimination, the metabolite concentration in all the 
fluids continued to fall The reaccumulation of effusions appears to 
bear no relationship to changes in the letention of these metabolites 
No relation between the metabolite figures in the fluids and the 
clinical diagnoses was apparent 


DISCUSSION 

As previously mentioned, there are two other methods for studying 
the distiibution of metabolites in the body Postmoitem analysis of the 
urea content of various tissues was first employed by Schoendorf m 
1899 In a well fed dog he found that the hvei, spleen, pancreas and 


16 Schoendorf Arch f d ges Phys 74 307, 1899 
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brain contained approximately the same concenti ation of urea as the 
blood (from 01115 to 01228 per cent), while the heart contained 
slightly moi e and the muscle slightly less Marshall and Davis criti- 
cized these findings as being too high for the blood, and probably even 
less correct for the tissues They introduced the more accurate urease 
method of urea estimation, and studied the urea content of normal dogs’ 
tissues postmortem They found that the percentage of urea was prac- 
tically constant throughout the body, except the urinary tract, averaging 
from 28 to 30 mg per hundred grams Similar results were obtained in 
postmortem analyses of various human organs By killing dogs soon 
aftei the ingestion of urea per os, they were also able to show that it 
diffused very rapidl} into all the tissues, and whether the urea concen- 
tration in the body was normal or increased, it was distributed with 
remarkable uniformity throughout the various tissues In similar 
experiments, Foster and Davis found that the amounts of retained 
nitrogen could not be accounted for by the total nonprotein nitiogen 
of the total blood of the bod}'^ Postmortem analyses of the tissues 
led them to conclude that more of the nitrogenous metabolites are 
retained in the tissues than in the blood Becker studied the total 
nonprotem nitrogen in nephrectomized dogs The relatively greatest 
increase was in the blood, but the absolutely greatest increase was in the 
muscles The increase in the other organs was slight in comparison 
with the musculature He found a much closer agreement between 
the urea nitrogen of the tissues and blood than in the total nonprotem 
nitrogen Becker also showed that the increase in total nonprotem 
nitiogen in the various tissues of dead bodies was related to their 
respective total nitrogen content, with a fairly constant nonprotem 
nitrogen total nitrogen ration of 1 10 Becker states that postmortem 
anal}ses of blood nitrogen are more nearly comparable to postmortem 
tissue analyses than blood analyses obtained antemortem 

Rosenberg-® estimated the metabolites in the blood and thigh 
muscle of nine normal men, eleven chronic nephntics and seven acute 
nephritics The blood was taken either just before or immediately after 
death, and the thigh muscle as soon as possible postmortem He ' 
extracted the musculature wnth trichloracetic acid, and determined the 
total rest nitrogen bj Kjeldahl’s method, urea by the hypobromite 

17 Marshall and Daws J Biol Chem 18 S3, 1914 

IS Foster and Daws Proc Soc Exper Biol & Med 8 33, 1915 

19 Becker Deutsch Arch f klin Med 128 1 261 1918, ibid 129 1. 8 
ibid 131 325, 1920, ibid 135 331 1920 Becker and Strauss Zentralbl f Inn 
Med 42 345, 1921 

20 Rosenberg- Arch f exper Path u Pharmakol 86 1, 1920, ibid 87 86, 
1920 ibid 87 153, 1920 



RYPINS— METABOLITES 


589 


method, creatinin by Folm’s method, and mdican by the method of 
Jolles Rosenberg’s average figures for normal blood and muscle are 
as follows 

Blood Muscle 

Rest nitrogen 0 025 per 100 c c 0 307 per 100 gm 

Urea nitrogen 0020 per 100 cc 0 232 per 100 gni 

Creatinin 0 0015 per 100 c c 0 00355 per 100 gm 

In two cases m which the normal musculature of the thigh was 
obtained at amputations for disease below the knee, and analyzed 
immediately, the results were virtually identical with those for muscle 
analyzed postmortem Although the hypobromite method which he used 
gives figures for urea nitrogen approximately twice those obtained by 
the urease method,^ it is difficult to reconcile Rosenbeig’s figures of 232 
mg per 100 gm for the urea content of normal musculature with Mar- 
shall and Davis of from 28 to 30 mg per 100 gm On the other hand, 
the proportion of rest nitrogen made up of uiea nitrogen m Rosenberg’s 
figures is about that generally accepted as normal His figures for 
normal blood metabolites, also, are within the generally accepted limits 
Rosenberg found simihar values for the musculature of rabbits 

From a comparison of the blood chemistry and the postmortem 
muscle analyses Rosenberg concludes 

In uremia the muscle rest nitrogen begins to increase when the blood level 
rises above 170 mg per hundred cubic centimeters There is no difference 
between acute and chronic cases It is probable that there is a recipro- 

cal relation between the blood and tissues and not, as von Monakow thought, 
that the tissues fill with metaliolites and then overflow into the blood 
In the muscles of chronic nephritics it is found not only that the urea nitrogen 
increases to a relatively higher degree than the other nonprotein nitrogenous 
metabolites, but that these may even dimmish, possibly through the conversion 
of amino-acids into urea The muscle urea shows an increase when 

the blood urea rises above 150 mg per hundred cubic centimeters In 

-all cases showing increased muscle urea the absolute increase of urea m the 
blood was considerably less than in the musculature The muscle 

creatinin increase was inconstant, and occurred only with severe creatininemia 

According to Rosenberg, then, normal muscle values for the rest 
nitrogen and urea are over ten times their concentration in the blood, 
and are not increased until the blood level rises above approximately 
two thirds of the normal muscle concentration Retention of urea in 
the musculature occurs earlier than the other metabolites and its dis- 
proportionate increase in the muscles is probably due to the conversion 
of other nonprotein metabolites into urea 

Weiss and Vaughn recently reported a case of severe nephritis in 
which the blood urea twelve hours before death was 304 mg , and the 
nonprotein nitrogen 401 mg per hundred cubic centimeters Post- 

21 Weiss and Vaughn J Lab & CIm Med 7 229, 1921 
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mortem, the pericardial fluid contained 374 mg of urea nitrogen, the 
muscle 352 mg , and the In er 335 mg per hundred grams, respectively 
Their technic is not given, but the results show a close approximation 
of the urea content of the blood, fluid and tissues Andresen reports 
an equal distribution of urea, between the blood, organs and secretions, 
with the exception of tears and sweat, where a value three times that 
of the blood was found 

With the exception of Rosenberg, all of these investigators appear 
in fair agi cement in regard to the uniform distribution of urea He 
diverges considerably in regard to the urea value for normal muscula- 
ture, but agrees with the others that the urea accounts for most of the 
nonprotein nitrogen retention m the body 

The distribution of ingested nitrogen was first studied by Soetbeer 
in 1909 Four and one-half hours after a heavy meal of meat he found 
the total nitrogen in a dog’s blood had increased 132 per cent , in the 
In er 41 per cent , and in the brain and muscles only 5 or 6 per cent 
Seventy-two hours after nephrectomy, the total nitrogen in a dog’s 
blood had increased 873 per cent , in the liver 144 per cent , in the 
brain 40 per cent , and in the muscles only 35 per cent This would 
indicate a heaping up of the retained nitrogen in the blood before its 
accumulation m the tissues 

\ on Honakow showed that after a single ingestion of 20 gm 
urea per os in normal men, the blood urea rose in fifteen minutes and 
reached its peak in two hours, remaining slightly increased at twenty- 
foui hours and returning to normal on the second day If one day 
after the first ingestion, a second 20 gm was given, the blood urea 
le\el still returned to normal within two days In other words, it was 
impossible to raise the blood level by repeated small doses of urea 
per os \^on Monakow assumes that most of the ingested urea passes 
into the tissues 

Lichtwilz repeated these experiments, controlling them with 
simultaneous estimations of nitrogen elimination m the urine After 
the ingestion of 20 gm urea per os, he found widely varying per- 
centages of the retained urea in the blood He concludes that the rest 
nitrogen is very unequally divided between the blood and other organs, 
and that it need not be increased in the blood, although the amount of 
nitrogen eliminated indicates a definite nitrogen retention 

Nonnenbruch has recently repeated similar experiments on urea 
ingestion, retention and elimination He finds that the variations in 

22 Andresen Biochem Ztschr 116 266, 1921 

23 Soetbeer Vcrhandl 26 Cong f inn IMed , 1909 

24 Aon Alonakow Deiitsch Arch f khn Med 115 47. 224 1914, ibid 
116 1 1914 

25 Lichtvitz Klmische Chemie, 1918 

26 Nonnenbruch Arch f e\per Path u Pharmakol 89 200, 1921 
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blood urea nitrogen following the oral ingestion of 20 gm urea, do not 
paiallel its elimination For the most part the nonprotein nitrogen of 
the blood does not increase sufficiently to account for the urea ingested 
and falls much more rapidly than it is eliminated in the urine In 
some cases, blood urea nitrogen was still increased after the ingested 
urea had all passed out through the kidneys Several cases showed 
two peaks and two troughs m the blood rest nitrogen curves On the 
basis of these findings, Nonnenbruch concludes that there is a marked 
diffeience of distribution between the blood and other tissues, that a 
normal blood rest nitrogen does not indicate the absence of nitrogen 
retention, nor, on the contrary, does an increased blood mtrogen indicate 
nitrogen retention in the tissues He thinks that immediately after its 
ingestion urea is carried to the tissues and afterward returned to the 
kidneys for elimination 

SUMMARY 

Although the studies with ingested urea indicate that during the 
period of its elimination there is no constant parallelism in the concen- 
tration of nitrogenous metabolites of the blood and tissues, both the esti- 
mation of the body fluid metabolites and the comparison of metabolites 
in the blood and tissues, strongl)^ suggest a tendency to equilibiium 
throughout the organism This does not necessarily mean that a normal 
concentration of metabolites in the tissues approximates that in the 
blood, but that the metabolites are distributed between them in a fairly 
constant propoition, and that an increase m one is paralleled by a pro- 
portionate increase in the other No account, of course, is taken here of 
any but the simple metabolites , available sugar in the form of glycogen, 
01 available rest nitrogen, urea nitrogen, creatinin or uric acid in more 
complex chemical forms, are incalculable factors The distribution of 
creatinin and sugar throughout the body is foi the most part unknown 

The distribution of metabolites between the blood and all the body 
fluids is fairly consistent For clinical purposes, it appears justifiable 
to deduce from the concentration of metabolites in the blood, an 
approximately proportional concentration throughout the whole body 
Nevertheless, until the distribution of metabolites for all the tissues is 
quantitatively determined, it will remain impossible to deduce accurately 
from the blood chemistry alone the degree of retention in the 
whole body 

CONCLUSIONS 

1 In cases in which the blood metabolite level was not increased 
above normal, the concentration of sugar in serous effusions averaged 
83 42 per cent of the sugar concentration in the blood The urea 
nitrogen averaged 80 08 per cent , and the creatinin 67 28 per cent 
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2 No characteristic difference in the metabolite concentration of 
exudates and transudates was observed 

3 In cases in which the blood metabolite level was normal, the 
average concentration of sugar in the spinal fluid was 44 24 per cent 
of the blood sugar Urea nitiogen averaged 5815 per cent, and 
creatinm 68 3 per cent 

4 Except for the absence of sugar in acute meningitis, no differ- 
ence was present between normal and pathologic spinal fluids 

5 In cases in which the blood metabolite level was increased, the 
metabolite concentration m the fluids varied pan passu with the changes 
in the blood 

Thanks are due to Drs S Marx White and George Fahr for their kind 
permission to studv cases in the University Hospital, and to Dr Henry L 
Ulrich for the use of several private cases, and cases in the Minneapolis Gen- 
eral Hospital 



QUINIDIN IN AURICULAR FIBRILLATION 

WITH SOME OBSERVATIONS ON ITS USE IN 
COMBINATION WITH DIGITALIS 

T STUART HART 

NEW YORK 

One of the most spectacular medical discoveries of recent years is 
the effect which alkaloids of cinchona have on certain heaits presenting 
the phenomenon of auricular fibrillation 

Quinin has been used for many years as a heart sedative, but its 
use specifically in auricular fibrillation dates from a repoit of two cases 
published in 1914 by Wenckebach ^ in which its administration resulted 
in the restitution of sinus rhythm 

As a result of his studies of the effect of various alkaloids of 
cinchona on patients suffering fiom auricular fibrillation, Frey^ came 
to the conclusion that quinidm was the least toxic and the most potent 
of these derivations, and because of its bettei solubility he advised the 
use of the sulphate instead of the pure alkaloid 

Since Frey’s paper in 1918 there have appeared in the literature 
the reports of more than 300 cases of auricular fibrillation treated with 
quinidm In about one half of these its administration has been fol- 
lowed by a resumption of normal rh}d:hm which has persisted for 
periods varying from a few houis to seveial months 

We have as yet little accurate knowledge of the exact manner m 
which quinidm accomplishes its results, its optimum dose, the intervals 
at which it IS best administered, its rate of elimination and its dangers 
We know little of the type of case in which the noimal rhythm is likely 
to be restored and the value of the resumption of control by the normal 
pacemaker is still open to discussion The advantages and disadvantages 
of combining the administration of quinidm with other drugs has been 
studied but little 

It IS only by accumulating considerable data that many of these 
questions can be solved, and it has, therefoie, been considered worth 
while to place on record the clinical obseivations which we have secured 
up to the piesent time, notwithstanding their limited number and rather 
fragmentary character 

‘•'From the Medical Service of the Presbjterian Hospital 

^Read before the Association of American Physicians, Washington, D C, 
May 3, 1922 

1 Wenkebach Die unregelmassige Hertztatigkeit und ihre klmische 
Bedeutung, Leipzig, 1914 

2 Frey Berl klin Wchnschr 55 417, 451, 1918 
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This report is based on a rather careful study of fifteen persistent 
and two paroxysmal cases of auricular fibrillation These were 
unselected cases such as one meets in the medical service of a large 
general hospital The patients were observed carefully, were subjected 
to the usual routine physical and laboratory examinations of a well 
ordered medical service, and weie studied by means of electrocardio- 
graphic records taken at frequent intervals 

The drug employed in all the studies has been the sulphate of 
quinidin, administered in capsules, each containing 0 2 gm Our routine 
has been to give two prehminaiy doses of 0 2 gm each allowing twenty- 


TABLE 1 — Cases in Which the Administration or Quinidin 
W\ s Followed b\ Sinus Rhythm 





Clmie il Dngno'is 

Duration of 
Fibrillition 
Before 
Quinidin 

Quinidin, 

Gm 

Duration 

of 

Sinus 

Ehj thm 

1 

M 

SI 

Chronic i alvulir chsoa^e, mitral 
stenosis mitr il insufflcicncy car 
dne insulTicienct , repeated at 
tacLs of rheumatism 

2 Mcehs 

2 8 in 3 days 

2 4 in 2 davs 

10 neehs 

2 days 

■1 

M 

72 

General arterioselerosis, cardiac 
hi pertrophy, hypertension, 
cliromc nephritis 

9 

1 4 in 2 days 

12 days 

5 

I- 

13 

Hj perthyroidism, exophthalmic 

goiter, lig ition of superior thy- 
roid artery 

3 5 ears 

1 4 in 2 days 

1 8 in 2 d lys 

3 6 in 4 dajs 

24 hours 

48 hours 

0 

9 

F 

CS 

Chronic nephritis cardiac hyper 
trophy, hjpertcnsion 

1 ye ir 

1 4 in 2 days 
0 4 in 5 hrs 

7 months 

15 mos still 
( continues 

15 

r 

1 

1 

Chronic valtulir disca^-c mitral 
stcno'is, mitral insuflicicncj car 
diac Inpcrtrophj, cardiac insulli 
ciencj , congenital syphilis 

18 \ieeKs 

1 1 in 40 hrs 

0 6 in 24 hrs 

1 0 in 24 hrs 

6 weeks 

C weeks 
? 

IG 

r 


ENophthalmic goiter, ligation of 
superior tin roid artcrj, paroxys 
m il fibrillation 

1 year 

2 6 in 2 days 

1 2 in 1 day 

2 0 in 2 dajs 

48 hours 

72 hours 

40 hours 

17 

M 

C)S 

! 

1 

Chronic mi ocarditis, cardiac in 
EUlhcicncv, paioxj smal fibrillation 

5 >enrs 

0 4 dailj for 
12 months 

Si year still 
1 continues 


four houis for eiidence of indnidual susceptibility to develop After 
this, 0 4 gm Avas gnen after eating thiee times a day over periods of 
variable length As soon as a sinus rhythm had been reestablished the 
drug was immediateh discontinued Noteworth) departures from this 
routine wall be mentioned in connection with the description of special 
cases 

Of the fifteen patients showing persistent auricular fibi illation, five 
reco\ ered a normal rhythm aftei the administration of quinidin , in all 
fibrillation recurred after a longer or shorter period (Table 3) , in 
four of these quinidin w'as given again and in each instance the normal 
pacemaker assumed control of the rhythm One of these patients still 
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maintains a normal rhythm after an interv^al of five months, m the 
other three cases, a third period of quinidm was effective m one and 
ineffective in the remaining two cases 

Flutter, as a transitional mechanism preceding a sinus rhythm, was 
recorded in two cases In three other cases the administiation of 
quinidm was followed by flutter (one case) and impure flutter (two 
cases) but in these cases the sinus ne\ei regained its control as a 
pacemaker 

In both paroxysmal cases, sinus rh 3 thin promptly followed small 
doses of quinidm In Case 16 of our senes the periods of sinus rhythm 
were so brief and so similar to those of the control period duimg which 
no quinidm was given that our obseivations appeared to be of little 
or no value The results obtained m Case 17 were more striking and 
will be referred to later in more detail 

In our experience, if quinidm was effective m pioducmg sinus 
rhythm, this occurred within a few houis, or, at least, not longer ^than 
sixty hours after beginning the use of the drug In one case sinus 
rhythm was restored m five hours after the administration of 0 4 gm 
To none of the cases m which it was effective was more than 3 gm 
given In the cases which did not resume a normal rh}rthm, quinidm, 
1 2 gm a day, was continued from one to three weeks, but the prolonged 
administration seemed to have little or no effect One patient (Case 1) 
who on two occasions responded to small doses of quimdm and in a 
third penod failed to respond, was gnen, m a fourth period, 0 6 gm 
daily foi forty consecutive days with no appaient change in his rhythm 
or condition 

SELECTION OF CASES 

We are able to add very little new information as to the t^pe of 
case that is likely to be affected favoiably by quinidm In Table 1 are 
grouped the cases in which the administration of quinidm v as followed 
by a sinus ilij-thm, in Table 2 the cases in which fibrillation peisisted 
A companson of the sexes, ages and length of duration of fibi illation 
m these cases affords no explanation of the type of case m which 
quinidm exerts its peculiar influence Nor does the clinical diagnosis 
help in solving this question Cases of chionic valvular disease, initial 
disease, geneial arteriosclerosis, chronic nephritis, chronic myocarditis, 
hyperth 3 aoidism and hypertension can be found in both groups 

There is one feature, however, to which we would like to call 
attention which ma 3 ’- possibl 3 >- be of value in selecting the cases m which 
the administiation of quimdm may be followed by tht restoration of 
sinus rh 3 ^thm In reviewing our electrocardiographic curves, we have 
been impressed by the fact that those patients who m their control 
curves (i e those taken m the period before quinidm was given) 
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showed relatively large auricular waves or in which the coarse waves 
predominated over the fine waves, were more likely to regain a normal 
rhythm than those patients whose control curves showed only fine 
auricular oscillations 

Of the control cur^es of fifteen cases of persistent fibrillation, nine 
presented ■ver)^ coarse waves or a mixtuie of fine and coarse waves in 
which the latter predominated Of these, four reverted to normal 
rh}thm Six of these cases showed only the finer auricular waves 
and of these only one returned to a sinus pacemaker A number of 
patients showing only fine oscillations had received digitalis over con- 
siderable periods, and this is an important point to be considered as 
will be seen when we discuss the influence of digitalis In this con- 


TA.BLE 2 — Cases in Which the Administration or Quinidin Was 
Not Followed by Sinus Rhythm 


Case 
^o 1 

1 

Sc\ 

Vgc 

Clinical Diagnosis 

Duration of 
Fibrillation 
Before 
Quinidin 

2 ! 

M 

Cl 

Multiple serositis, chronic myocarditis 

5 J ears 

4 1 

r 

so 

Exophthalmic goiter, acute rheumatic fever, cirdiac 
hi pertrophy 

7 t\C6l\S 

6 1 

1 

F 

3“ 

Chronic i alvular disease, mitral stenosis and insulB- 
ciencj , rheumatic cardiac msuffleiency 

2 aveeks 

7 

F 

42 

1 Chronic v Uvular disease mitral stenosis, aortic insufS 
cienej cardiac hvpertrophj, cardiac insufflcienci 

Oa er 2 J oars 

8 

M 

1 

60 

Chronic mjocarditis, cardiac hv pertrophy, cardiac in 
sufiBcicncy 

f jears 

10 

F 

GO 

Chronic vihular disease, mitral stenosis and insuffi- 
ciency, general arteriosclerosis, cardiac htpertroplij , 
c irdiac insufficiency 

tJnknoain 

11 

F 

IS 

Chronic a alvular disease, mitral stenosis and insuffi 
cienca, aortic stenosis, cardiac hypertrophy, cardiac 
insufliciency, rheumatic 

7 days 

12 

M 

Cl 

General arteriosclerosis, chronic myocarditis, cardiac 
insufficiencj 

Unknoavn 

13 

r 

42 

1 

1 

Chronic a ala ular disease, mitral stenosis and insuffl - 
cicncv, cirdiac hypertrophy, rheumatic, general arte 
riosclcrosis 

Unknoaan 

14 

F 

16 

Chronic vala ular disease, mitral msufficiencj, cardiac 
ha pertrophy, adherent pcricaidium, cardiac insuffl 
ciency 

7 months 


nection, it is of interest to recall that cases of auricular flutter, in 
u Inch auricular waves are, as a rule, relatively large, are more likely to 
reco^ er a sinus rh} thm spontaneously than cases of auricular fibrillation 

QUINIDIN IN COMBINATION WITH DIGITALIS 

A number of those leporting^ the effects of the administration of 
quinidin have pointed out that it may be associated with disagreeable 
sjmptoms and dangerous or even fatal results Sir James Mackenzie 

3 Ejster and Fahr Arch Int Med 29 59 (Jan) 1922 Hewlett and 
S^^eene\ J A A 77 1793 (Dec 3) 1921 Mackenzie, J Bnt M J 2 

576 1921 Orr, J Bnt il J 2 576, 1921 Benjamin and ^on Kapf Deutsch 
med Wchnschr 42 10, 1921 
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has paiticularly emphasized the possibility that the sudden cooidinated 
contraction of the amides may lend to dislodge emboli from intra- 
amiculai thiombi 

Levy has noted the not infieqiient occunence of ventiiculai tachy- 
caidia, and suggests that a persistent use of quinidin in such cases 
might lead to ventiiculai fibi illation with its obvious hazaid 

It IS not suipiising that the administration of a diug so dramatic 
m Its eftects should at times be attended with dangers, and m the 
piesent state of oui knowdedge it should be used only wuth gieat caution 
and undei tlie closest super vision None of oui patients at any time 
piesented alaiming s}niptoms A few had ringing in the eais, head- 
ache, nausea, vomiting, palpitation and increase m heart rate but these 
w^eie \eiy temporal} and usually disappeared a short time aftei the 
diug w'^as discontinued 

In tw'o instances wdiich did not ultimately letuin to a sinus ihythm 
numeious ventiiculai extrasystoles w^eie observed, but these iveie never 
so fiequent as to suggest the approach of a ventiiculai tachycardia 
One patient after recover mg a sinus ihythm exhibited occasional 
amiculai piematuie conti actions 

It w'as oui impiession that the gieatest discomfort of wdnch oui 
patients complained was due to the palpitation and tachycardia At 
the beginning of oui wmik, in oidei to simplify oui experiment as 
much as possible, w^e gaie quinidin only to those patients wdio had 
nevei received digitalis oi w^e wuthheld it foi twm oi three w’eeks until 
we iveie sure that the heait was fiee from lecent digitalis influences 
This, of course, was the cause of much tachycardia and consequent 
discomfort It w^as thought theiefoie, that it might be of some practical 
clinical value to compaie in indnidual cases the result of the administia- 
tioii of quinidin alone wuth the result in subjects wdio had also been 
thoioughly digitalized 

The results of our obseivations have been collected in Table 3 
The cases aie piesented in the oidei in wdnch they w'^eie studied, the 
“periods” represent successive intervals in wdnch patients w^eie obseived, 
the time inter vemng betw^een the periods varying greatly For example 
Case 1 (iheumalic mitral disease) w’^as fiist under observation in the 
hospital foi about six w’^eeks The patient w'^as dischaiged after sinus 
rhythm had persisted for four w^eeks Six w^eeks later he began to 
fibnllale, and on his second admission to the hospital he w^as found to 
have been digitalized thoroughly Without w^aiting foi digitalis effects 
to w^ear off, he w^as given qumidin, wdnch w^as promptly follow^ed by 
a change to sinus ihythm wdnch, how^evei, lasted only tw^o days 
Quinidin w^as again administered but this time wuthout inteiiupting 
fibrillation In contrast. Case 5, a subject of hyperthyroidism wuth a 
metabolism rate of 56 above the normal, leceived quinidin in successive 
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periods separated by intervals of only tvo or three days The first and 
second periods resulted in a resumption of control by the normal pace- 
makei , after this quinidin failed in abolishing fibrillation 

The use of alkaloids of cinchona m combination with digitalis has 
been opposed on the ground that their phai macologic activities are 
antagomstic Stokvis,'* expenmenling on the f log’s heart found that a 
combination of qiiinin and digitalis destioyed the depressing action of 
quinin and modified the excitation due to digitalis Pezzi and Clerc 
state that in dogs to which qumm had been given, the subsequent 
administration of large doses of digitalm produced no toxic symptoms 
Schott ‘ has pointed out that in experimental animals quimdin, like 
digitalis, ma} produce heart block 


TABLE 3 — Quixidin and Digitalis 
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* aunculnr fibrillation 

\ = aiinculir, "I = -ventricular Q =: quinidm, D = digitalis 


Fre} uas opposed to the simultaneous use of quinidin and digitalis 
Flewlett and Sweeney = think that the administration of digitalis may 
liaAe lessened the chances of the recoiei) of sinus rhythm m two of 
their cases 

In se\eral papers' published the latter part of 1921, Lewis and 
bis associates Drury and Illiesco, pointed out that quinidm caused an 
‘ in\ ariable and conspicuous reduction in the auricular rate ” They 
obtained tins eiidence b} appl)ing special electrodes to the chest wall 

4 Stokv IS Legons cle Pharmacologie 3 41 1905 

5 Perzi and Clerc Presse med 28 334, 1920 

6 Schott Deutsch Arch f khn Aled 124 208, 1920 

7 Lems Drur\ and Ihesco Brit M J 2 514, 1921 Drury and Iliesco 
Brit M J 2 512 1921 Levis, Dnir\, Ihesco and Wedd Heart 9 55, 1921 





HART—QUINIDIN WITH DIGITALIS 


599 


and were thus able to secure more clearly defined auricular waves 
m the electrocardiograms than when electrodes nere applied to the 
extremities 

Since these papers were published, we ha^e scrutinized all our 
electrocardiographic records taken by the usual leads from the extrem- 
ities In these the auricular waves are often not prominent enough 
to make actual measurements of rate, but wheie these could be made, 
the administration of quinidm was uniformly found to slow the auricles 
and make the auricular waves moie prominent 

Our curves further show that when digitalis was given, the auricular 
waves usually became smaller and more rapid , when it was withdrawn, 
these waves became coarser 

On several occasions we were able to watch in the same patient the 
effect of the administration of quinidin alone and later the combined 
effect of quinidm and digitalis Curves illustiating the effect on the 
auricular activity are shown m Figures 1 and 2 The effect of giving 
quinidm in a case of auncular fibrillation without other medication was 
to make the auricular waves coaisei After a considerable period of 
quinidm, digitalis was added and its effect was shown not only by a 
slowing of the ventricular rate but also by a finer and more lapid auricu- 
lar activity Subsequently, quinidm was stopped and digitalis continued 
alone when its unopposed action was made evident by a further ventric- 
ulai slowing and still smaller aunculai waves This would appear to 
be further evidence that there is an antagonism between quinidm and 
digitalis 

In Case 1 a delayed conduction and in Case 3 a partial block was 
observed during sinus rhythm, in neither instance could the effect be 
ascribed to digitalis Case 15 also showed a delay in the conduction 
period but this patient was under the influence of both digitalis and 
quinidm 

As far as evidence based on success oi failure m securing sinus 
rhythm goes, we have no definite proof that quinidm and digitalis 
are antagonistic 

An analysis of the fifteen cases of persistent fibrillation recoided 
in Table 3 shows that ten received m the first period quinidm only 
In three of these, sinus rhythm was promptly secured There were 
seven failures Five patients received m the first period both digitalis 
and quinidm Of these, two recovered a normal rh)rthm 

While the patients listed m Table 3 as receiving m the “first period” 
quinidm only were those who had taken no digitalis for two or three 
iveeks preceding the period of observation and so were piesumably 
free from its influence, it seems to us important to take into considera- 
tion the fact that a number of them had been digitalized more or less 
completely on earlier occasions It was not possible to obtain sufficiently 
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Fig 1 — Case 4 Lead III A April 5 Fibrillation, ff waves rather coarse 
No drugs B April 18 Fibrillation, ff wa\es fine Digitalis only C May 24 
Flutter, after quindin, 02 gm No digitalis for three weeks D June 2 
Fibrillation, ff \\a\es medium size Taking quinidin and digitalis E June 13 
Fibrillation, ff va\es ^erJ small Digitalis only 
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Fig 2 — Case 1 Lead 11 F May 11 Fibrillation No drugs G May 14 
Flutter after quinidin, 2 4 gin H May 15 Sinus rhythm after quinidin, 
2 8 gm I July 28 Fibrillation No drugs for ten weeks J September 15 
Fibrillation Full digitalization, ff waves very small 
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leliable statements as regards this feature from many of these patients, 
hence we ha\e not recorded our incomplete data on this point The 
cftect of digitalis in diminishing the size of the auricular waves, and 
the expel imental evidence that it can produce fibrillation, suggest that 
digitalis may have an influence in fixing a condition of fibrillation, and 
that a heart once digitalized may even after a very long period resist 
a return to sinus rhythm even though the more obvious influences of 
digitalis have disappeared 

A brief discussion of the comparative effect in individual cases of 
the administiation of quinidm alone and of quinidm combined with 
digitalis affords some points of interest 

We may dismiss all those cases (Table 2) in which a sinus rhythm 
was not secured by stating that, in general, the effect of quinidm was 
to slow the auricular late and accelerate the ventricular rate, while 
digitalis neutralized these effects, increasing the auricular rate and slow- 
ing the ventriculai rate 

In several of the cases (Table 3) no comparatne tests were made 
Case 5 responded to quinidm on two occasions and failed to respond in 
the third Case 15 was receiving digitalis through the whole period of 
observation On three occasions the patient was given quinidm and this 
was followed by sinus rhythm each time She has disappeared and we 
have been unable to repoit subsequent events In this instance it does 
not appeal that the digitalis seiiously opposed the action of the qumidin, 
yet It IS quite possible that without digitalis hei periods of sinus rhythm 
might have been longer 

Case 1 lesponded piomptly to quinidm, the normal pacemaker 
lemained in control for ten weeks During this period the patient had 
letiirned to his home, and vhen he again began to fibrillate, he was 
digitalized under the advice of his family physician At this time he 
ictuined to the hospital and was admitted for observation, the adminis- 
tration of quinidm was again piomptly followed by sinus ihythm which, 
however, lasted only forty-eight hours, quinidm ivas immediately 
repeated but a sinus rhythm w as not secured It is difficult to say that 
this was due to the digitalis, but it is suggestive 

Case 9 presents a number of features of interest 

The patient is a woman, aged 68 who has been under constant supervision 
for more than ten jears She is suffering from chronic nephritis, and for the 
past fi%e ^cars her systolic blood pressure has ranged from 200 to 230 mm Hg, 
diastolic pressure, from 120 to 140 mm Hg Her heart is enlarged, and the 
mitral \ahe is incompetent Except for occasional extrasj'stoles, her heart 
was regular until January, 1920 At that time she developed auricular fibrilla- 
tion which terminated in twentj-four hours Following this she had paroxysms 
of fibrillation, each lasting from one to three dajs, at four or five weeks inter- 
vals, until Iilav, when the fibrillation became continuous She was then digi- 
talized effectively and the heart rate was kept between 70 and 80 In May, 
1921, after having fibnllated persistently for one vear and while still thor- 
oughly under the influence of digitalis she was given, in the course of two 
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days 1 4 gm qumidm This was promptly followed by sinus rhythm and all 
medication was at once discontinued A sinus rhythm was maintained for seven 
months until Dec 9. 1921. when she notified me about 2 a m that her heart 
was again irregular She was seen a few hours later and the heart was found 
to be fibnllating with a ventricular rate of 140 Quinidin, two doses of 02 gm 
each, was given and the normal pacemaher resumed control five hours later 
The ’ ventricular rate was 86 The sinus rhythm has continued up to the 
present time 

In this instance the quinidin was equally effective both when the 
patient was completely digitalized and when she was taking no digitalis, 
but It may be noted that a smaller dose of qumidm was effective under 
the latter condition At no tune has this patient shown signs of caidiac 
insufficiency, except of a most insignificant degree, but her experiences 
of lelief when the tumultuous action of the heart was replaced by an 
orderly rhythm left no doubt as to the maiked increase m mental peace 
and subjective comfort induced thereby 

Such clinical evidence as we are able to piesent fails to demonstrate 
just how much influence digitalis exerts in opposing the action of 
qumidm, but, m the mam, it accords with the experimental work in 
animals which indicates an antagonistic action of the two drugs 

PAROXYSMAL FIBRILLATION 

Case 17 was of interest m this group 

A man, •aged 68, has been under observation for more than four years With- 
out discoverable cause he has had paioxysmal attacks of fibrillation since 1916 
His heart shows a very moderate enlargement and a slight systolic murmur at 
the apex and occasional extrasystoles when the sinus is in control of the 
rhythm The roentgen ray shows an aorta measuring 7 cm Between the 
paroxysms he has no signs of cardiac insufficiency, but when the heart fibnl- 
lates, he becomes excessively nervous, passes urine of low specific gravity at 
fiequent intervals, and becomes dyspneic on any attempt at exertion At first 
the attacks lasted only a few hours and occurred at irregular inteivals 
separated by periods of several months They had giadmlly increased in fre- 
quency and persisted for a longer time In June, 1921, his attacks recun ed at 
intervals of a few days and persisted for periods varying from nine to twenty- 
eight hours June 23 he was seen a few houis after the onset of a paroxysm 
and It was decided to try the effect of qumidm Aftei his second dose of 
0 4 gm he went to sleep and awoke at midnight with a regular heart He was 
advised that if his attacks recurred he should take a dose of qumidm at once 
and if the irregularity continued the drug was to be repeated in two hours 


He was seen next August 16 and gave the following account from 
carefully written notes 


Date 

Attecis Began 

Qumidm, Gm 

Note 

Duration of 
Fibiillation 

June 2S 

2 00 p m 

04(0 00 pm) 

0-t ( 9 00pm) 

AnoXe at 12 

Attaek had stopped 

10 hours (’) 

July 5 i 

8 so p ni 

04(8 45 pm) 

0 4 (11 30 p m ) 

Auoke at 1 30 

Attack h id stopped 

5 hours (’) 

Julj 16 

2 SOp m 

04(2 45 pm) 

0 4 ( 0 SO P m ) 

Regular at T 30 p m 

5 hours 

July 18 

4 OOp m 

04( 4 00pm) 

Regular at 6 00 p m 

2 hours 

Aug 10 

S SO p m 

04 ( S 30pm) 

Regular at 9 30 p m 

1 hour 
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Since It appeared that qninidin had an influence in shortening the 
attacks, he was directed to take a daily dose (0 4 gm) as a prophylactic 
measure and to report the results in two weeks He was not heard from 
again until he presented himself in January, 1922 Soon after his 
visit of August 16 he decided to go to Fiance and he remained there 
until January, 1922 He repoided that he had had no attacks and that 
he has taken one dose of qmnidin each day throughout the whole period 
He was advised to discontinue the quinidm but felt so confident of the 
beneficial effects of the drug and so fearful of a return of his paroxysms 
that up to the present time (Ma}', 1922) he has, on one pretext or 
another, put off the day on which this advice is to become effective 
He has had no attacks since Aug 10, 1921 His heart is doing its work 
efficientl}’^ and there are no evidences of cardiac insufficiency ^ 

This experience suggests that quinidm may, in some instances, be 
taken over very long periods with no ill effects, and that it may act as a 
proph} lactic measure to ward off these attacks which may be of a most 
distressing nature 

EFFECT OF THE RESTITUTION OF SINUS RHYTHM 

Quite aside from the possible dangers involved in converting a con- 
dition of fibrillation into one of sinus rhythm, the question arises as to 
uhether the patient is oi is not benefited by substituting a sinus pace- 
maker for the impulses arising in a defective auricle A prion, one 
would say that the resumption of the normal rhythm should be of 
adiantage, and this w^e believe is true In those cases in which cardiac 
insufficienc} has been outspoken, the improvement in the general circu- 
lation following the return to control of the normal pacemaker, has 
not been bettei or w^orse, more rapid or shelter than similar cases treated 
efficientl} w ith digitalis In this connection it may be recalled that the 
efficienc} of the heart depends almost wdiolly on the integrity of the 
lentricular muscle, and if a reasonably slow rate can be secured, it 
makes ^er} little difference wdiether the agent is an effective sinus 
pacemaker or digitalis Howler er, there is no question that the patient 
IS fai more comfortable wdien the delirious heart activity has been 
abolished Patients are quite conscious of the change and dread the 
recurrence of the sensations produced by the fibrillating heart I believe 
the mental attitude consequent on the disappearance of palpitation is 
a Aaluable asset If sinus rhythm persists for any considerable time 
there is the additional advantage of discontinuing the administration 
of drugs for long periods 

Norn. — Seen Aug 1 1922 No attacks up to this time Has taken dose 
of quinidm dailj 
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SUMMARY 

1 Qmnidin admmisleied in fifteen cases of auricular fibrillation 
was followed by sinus rhythm ten times m five cases In two 
paroxysmal cases it was followed by sinus ihythm in both instances 

2 Cases exhibiting electiocardiogiams with coarse auiiculai waves 
appear to be affected more ‘readily by quinidm 

3 There is some experimental and clinical evidence that the action 
of qumidin and digitalis aie antagonistic 

4 Quinidin decreases the auiiculai late and augments the ventiic- 
ular rate Digitalis inci eases the auiiculai late and slows the 
ventricular late 

5 A case of paroxysmal auiicular fibrillation is reported in which 
undei the daily administration of quinidin no paioxysms have occuried 
for nine months 

6 The advantages of the sinus ihythm ovei that of fibi illation aie 
discussed 



UNUSUAL PAUCITY OF SYMPTOMS IN SOME 
CASES OF PONTOCEREBELLAR TUMORS 
DIAGNOSTIC DIFFICULTIES + 

ALFRED GORDON, AID 

PH1LADELPH1\ 

Neoplasms developing in the pontocerebellar angle are piesumably 
accompanied by manifestations leferable to the ceiebellum, pons and 
certain cianial nerves If the tumor originates in the cerebellum, 
cerebellar symptoms will appear first If the tumor originates in the 
eighth nerve the most fiequently involved among the cranial nerves, 
•\estibular oi auditory symptoms will appear first Besides the eighth, 
also the seventh, sixth and fifth neives are affected quite frequently 
In any gnen case, in which a pontocerebellar involvement is sug- 
gestive, a s}stematic investigation \vUth regaid to the encroachment 
on the above mentioned portions of the central nenmus system is 
usually made and a diagnosis is arrived at without great difficulty 
In some cases, hoiveier, the stituation is not so easy and only a 
lepeated examination may rendei assistance A third group of cases 
ma} be so baffling for ivant of gross or slight symptoms that no 
opinion can be rendered even after several examinations in this 
category of instances the manifestations are so slight or so indefinite 
that not onh the cerebellum or the cei ebellopontme area but even an 
intracranial condition may not be thought of Fortunately, such cases 
are rare, but, neveitheless. tliey do occur The seven cases described 
herewith aie examples of such an occurience 

Before gning a desciiption of them, attention is called to the 
detailed description of s}'mptoms, for ivhich each case w^as examined 
A caiefully carried out examination was made in a systematic 
manner in each case 

1 The condition of the cerebellum and of hs peduncles was deter- 
mined from the followung investigation (a) The gait with regard 
to staggering tow^ard one or the other side, (b) ataxia of the upper 
or lower extiemities with regard to the finger-to-nose test, to over- 
action to dysmetria oi hcpermetria, (c) cooidination of movements 
of tlie lower extremities in the test of placing the heel of one foot on 
^allous parts of the other limb, (d) diadochokinesia (quick pronation 
and supination) , (c) the position of the head wuth regard to its 
inclination to one or the other side, also if an abnormal position found 
whether it is constant or permanent, (/) the presence or absence of 

* Read at the meeting of the American Neurological Association held m 
Washington D C Alaj 2-4 1922 
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abnormal voluntary or passive movements by resistance test Accord- 
ing to Holmes and Steward, m a unilateral involvement of the ,ceie- 
bellum while the patient is flexing his arm on the affected side and 
the examiner opposes this flexion with his hand and then suddenly 
removes the latter, the movement of the flexion continues and the 
hand stiikes the chest violently In normal conditions, the aim will 
continue for a moment flexing at first but will immediately stop and 
move in the opposite direction In passive movements, Andre-Thomas 
called attention to the following phenpmenon in cerebellar diseases 
When the arm is raised to a hoiizontal position and the foreaim is 
given repeated abnipt movements, the arm, on the side of the ceie- 
bellar lesion will show very little resistance The movements of flexion 
followed by movements of leluiii (extension) aie both of greater 
amplitude than on the normal side where lesistance is gieatei and move- 
ments are slower Similarly, when both elbows are held and alternately 
adducted and abducted, the resistance is less marked on the affected 
than on the sound side In the lowei extremities, if the thighs are 
placed at a right angle to the pelvis and the legs aie extended but 
immediately leleased, the leg on the affected side will show less 
lesistance and its return to the hanging position will be more rapid 
than that of its fellow on the sound side The same author observed 
that when the patient is told to laise his arm (on the affected side) 
and to let it fall on his head, it will do so like an inert body, namely, 
It will rebound several times (springlike phenomenon) 

(g) Special reflex phenomena When the patient is placed on 
an elevated seat with his legs hanging, without touching the flooi, and 
the test IS made for the patellai tendon leflex, the normal knee jerk 
will consist of a sudden extension of the leg and slow return to the 
position of lest On the diseased side, if the leflex is present, the 
movement of extension is of a somewhat greater amplitude and is 
followed by a senes of flexion and extension movements (pendulous 
type) The same form of leflex is obseived in the biceps and triceps 
foi the uppei extremity in unilateral cerebellar lesions (A Thomas) 

2 Compression of the pons itself in cei ebellopontine angle condi- 
tions IS ascertained fiom the piesence or absence of symptoms leferable 
to the motor and sensoiy pathways which pass through the pons 
Paresis oi paialysis, anesthesia or analgesias or else paresthesias, 
changes of reflexes— all will be observed The lattei , particularly, are 
fiequent The knee jeiks may be increased on the opposite side and 
not infrequently diminished on side of the lesion The toe phenomenon 
and ankle clonus may be piesent on the side of the plus knee jeik 

3 The cranial nerves must be investigated with particula’ care 
As the eighth, seventh, sixth and fifth nerves are most frequently 
involved, the following s}mptoms will be observed, anesthesia of the 
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face on the side of the lesion (fifth neive) , facial palsy of the per- 
ipheral type with all the characteristic symptoms (seventh nerve) , 
paralysis of the external rectus muscle on the affected side (sixth 
neive) , unilateral impairment of hearing, also veitigo with a tendency 
to fall to the affected side (eighth nerve) 

4 The veslibiilcu test by the Barany method has proven to be of 
considerable assistance in making a diagnosis of a pontocerebellar 
tumoi, although m some cases it was shown to be unsatisfactory 

In the presence of such an airay of symptoms, the diagnostic 
problem of pontocerebellar symptoms appears to be solved with great 
facility If not all the abnormal manifestations are present at the 
same time, at least some of them will be found after a careful search 
But this IS not always the case Exceptionally, one meets wuth unusual 
instances m which the described multitude of symptoms are not all 
present, and if only one or two symptoms of the very many are 
observed, one’s thoughts may find themselves totally diverted from the 
idea of pontocerebellar condition Seven such examples verified by 
necropsies are submitted A minute examination along the plan 
desciibed was made m each case The results are as follow’^s 

Case 1 — Tumor involving right cerebellar hemisphere, extending forward 
into the cerebellopontine angle on the same side but not displacing or dis- 
figuring the pontine region very much 

Histoty — Patient w'as first seen eight weeks before the operation and nine 
weeks before death He complained of headache which, how'ever, was not of 
an unusually severe character His gait and station were normal, there was 
no trace of leaning to one side in walking The knee jerks were equal and 
intact The plantar reflex was flexor in type bv several methods The patient 
complained of occasional blurred vision but the eye grounds were normal The 
e>e muscles functionated normallj There wms no history of syphilis and the 
blood Wassermaiin was negative The diagnosis wms exceedingly difficult in 
Mcw of total absence of gross objective phenomena The headache, it is true, 
was persistent, but it wms present only about tw'O months, and the patient 
continued his occupation of a truck drner until about one month before the 
operation 

Eiammalwn —Repeated examinaUons were made It wms soon observed that 
while he was conversing or looking forward his head was slightly tilted toward 
the right side During the subsequent dajs, and later on definitely, the head 
remained in the inclined position Moreo\er, any attempt to incline it to the 
opposite side pro\oked some dizziness He himself observed this w’hen, acci- 
dentallv, he would turn the head abruptly to the left side The position of the 
head was such that the chin became directed towmrd the opposite shoulder 
The patient soon commenced to complain of stiffness in the neck and careful 
interrogation revealed that this muscular stiffness was distinct on the right 
side but exceedingly slight on the left 

Diagnosis — The persistent headache and the persistent unilaterality of the 
head position together w ith muscular discomfort on the same side gave an indi- 
cation of the possibilitj of an intercranial neoplasm situated presumably on 
the right side and in the cerebellar area This presumption became stronger 
when the symptom of the pointing reaction made its appearance It was at 
first equal and normal on both sides It is only during the later examinations 
that an error, at first slight and later distinct, was observed The error con- 
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sisted of an outward pointing with the right hand This position was invari- 
ably uniform at each of the examinations The vestibular test by Baranys 
method was negative 

Com sc— V&ry soon the patient commenced to complain of frequent attacks 
of blindness lasting only a minute The view of a right cerebellar involve- 
ment became stronger and stronger The motor and sensory apparatuses 
remained intact throughout the entire pciiod of observation The eye grounds 
then showed no distinct pathologic lesions, but the veins commenced to appear 
to be somewhat dilated A decompressive operation was advised and accepted 
A mass was found as described above 



Fig 1 — ^Tumor involving the right cerebellai hemispheie and extending 
forward into the cerebellopontile angle (Case 1) 


Case 2 — Tumor situated m the right cerebellopontine area and producing no 
evident displacement of the pons with its stiuctures The mass encroached 
slightly on the fifth nerve 

Hutoiy— The patient, aged 46, bookkeeper, during the last two years of his 
life, suffered from pain m the right side of his face The pain was not con- 
tinuous, but would occur under the influence of some emotion or else with the 
change of temperature The facial area involved coi responded to the distri- 
bution of the first two branches of the trigeminus Objectively, there was a 
hyperesthesia of the entire right side of the face and particularly with regard 
to the test for cold The pain was not of a neuralgic character, and not 
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occurring in paroxj^sms The patient described it as a burning pain at one 
time as a pulling pain at another It was of a sharp character but of a steady 
and deepl} seated aching For many months the facial pain was the only 
morbid manifestation There were no changes in the motor apparatus Station, 
gait, reflexes, were all normal 

Exaiiunatwn— The patient was repeatedly examined and carefully gone over 
Three months before he died, for the first time there was noticed an error in 
the pointing reaction on the right side His finger invariably would deviate 
outwardlv It became more pronounced as the disease progressed At the same 
time a dvsmetna made its appearance on the right side in the finger-to-nose 



Fig 2 — Section of tumor from Case 1 


test and remained unaltered until the end One month before the termination 
the right knee jerk became diminished and remained as such At no time did 
the ejes shoii aiij changes intraocularly or extraocularly The vestibular test 
ms negatiie 

Dnigiwus The diagnosis had to be based exclusively on the persistent right 
sided facial pain abnormal right past pointing, right sided dysmetria of the 
hand and diminished right knee jerk For a long time, however, the few latter 
sjmptoms Mere not ret in eiideiice, and a diagnosis of a right pontocerebellar 
condition m \ lev onlj of facial pain on the right side could not logically be 
entertained 
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Couise— The. patient died from a virulent attack of pneumonia 
Case 3 —A small tumor m the left cerebellopontine angle 
Histoiy— The patient, female, aged 17, complained of occasional vomiting 
and headache during the past year These symptoms would occur at the time 
of her menstrual periods A relationship between the two phenomena as cause 
and effect was considered by several physicians who were called in for an 
opinion and advice Tlie patient was given intensive opotherapy for many 
months without relief Two monhs before her death it was noticed that the 
left side of her face was slightly deviated toward the right side This facial 



hig 5 Large cjstic mass in right cerebellar hemisphere pressing forward 
against the pons (Case 4) 


paresis presented all the characteristics of peripheral involvement of the seventh 
lien c 

Examiuatiou — A. careful examination revealed no abnormal manifestations 
in the motor or sensory apparatuses and no involvement of cranial nerves, 
except the seienth It uas observed, however, that the pointing reaction of 
the left arm was inianably inw'ard ]Man 3 examinations w'ere performed and 
the inward pointing on the left side was persistent while the pointing with 
the right hand was ahvajs correct A vestibular test w^as negatue 

Diagnosis — In spite of the absence of gross S 3 mptoms, the past pointing 
together w ith the left facial paresis and the headache wdiich became then more 
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persistent and continuous led to the thought of a left cerebellopontine^ pressure 
No other symptoms were present during the last period of the patient s life 
Corase— A decompressive operation was performed, but the patient died 
three days later 

Case 4— A large cystic mass in the right cerebellar hemisphere pressing 
slightly forward against the pons 

y —Patient, male, aged 40, complained of dizziness and a slight head- 
ache in the low occipital region for six months, also of a stiffness in the neck 



Fig 6 — Large neoplasm in right pontocerebellar angle (Case S) 


Eiaintriafion — On examination it was noticed that his head was slightly tilted 
to the right and on attempts to turn it toward the left side he would become 
dizzy The dizziness would last about one minute The motor and sensory appa- 
ratuses, as well as the special senses, were all normal 

This condition lasted two months without alteration Soon a new S 3 'mptom 
made its appearance — ^the patient complained of occasional diplopia The eye 
grounds as well as the ocular muscles remained intact On repeated examina- 
tions an error of pointing reaction was observed in the right arm, namely 
inward and downward A vestibular test was negative 
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Diagnosis— T\i& headache (though not severe) m the suboccipital region, 
cervical discomfort, dizziness, slight tilt of the head to the right and faultj 
pointing reaction — were the only sjniptoins for a diagnosis Since these phe- 
nomena were uniformly persistent, a tentative diagnosis of a right cerebello- 
pontine lesion was made 

Com sc— The patient met with an accident falling down a flight of stairs 
and fractured his left thigh On the third day he developed a violent type of 
pneumonia and he died on the fifth day 



Fig 7— Small tumor m anterior portion of right cerebellar hemisphere 
h mg close to the pons anteriorly (Case 6) 


Case 5— A. large neoplasm in the right pontocerebellar angle pushing the 
pons to the left 

Histoiy Man, aged 38, teacher of languages, complained for several years 
of attacks of ^omltlng, followed b\ severe headache which would last twenty- 
four hours At first thei occurred once in two or three months, but within 
the last jear of his life, approximatelj once in two weeks 

Examination — On examination made six months before he died a slight 
engorgement of the retinal e eins in the right eye with tn o hemorrhagic spots 
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in the left eye were noticed The motor and sensory apparatuses were intact 
with the exception of a mild but a distinct hyperesthesis over the right side 
of the face No other symptom was in evidence until two months before 
death He then showed defective pointing reaction in the right hand with out- 
ward direction 

Diagnosis — diagnosis was quite difficult at first in view of the facial 
hyperesthesia being virtually the sole objective symptom Nevertheless, the 



Fig 8 — A mass lying m the anterior portion of the left cerebellar hemi- 
sphere close to the pons and adherent to the eighth nerve 


persistence of it, together with the history of headache and vomiting (although 
only paroxysmal) gradually led one to suspect an intracranial condition The 
appearance of the pointing reaction, which remained persistently confined to 
the right side, fortified me in my suspicion 

Com sc — A month later hemorrhages appeared in the right fundus oculi, 
and the patient complained of losing his ejesight A right suboccipital decom- 
pression was performed but the patient died on the following day 
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Case 6 A. small tumor of the size of a walnut m the anterior portion of 

the right hemisphere lying close to the medulla laterally and the pons anteriorly 
Histoiy — Patient, woman, aged 48, gave a history of prolonged headache of 
a very mild character occurring once a month during a period of sik years 
which was diagnosed as migraine When I saw her, about six months before 
death, she presented a slight palsy of the external rectus muscle on the right 
side, disturbances of smell in the right nostril and some discomfort in the neck 
on both sides, which she qualified as a pulling sensation The reflexes, sensa- 
tions, gait, station were all normal She complained of dimness of vision but 
the eye grounds were normal This condition remained unchanged for four 
months when error m the pointing reaction of the right hand was noted its 
reaction was outward and downward This error persisted until the time of 
death During the last three weeks a tilting of the head to the right was 
noticed and remained unaltered until the end An operation was declined 
Couise — Patient contracted a profuse diarrhea with a bloody discharge and 
died suddenly She was found dead in bed 

Case 7 — A mass lying in the anterior portion of the left cerebellar hemi- 
sphere close to the pons and adherent to the eighth nerve During the removal 
of the brain the affected hemisphere was much lacerated 

Hisfoiy — Patient, male, aged 45, a bartender by trade, complained during 
the last two years of his life of headache and occasional vomiting and occa- 
sional diplopia He came under my observation two months before death 
Evaimnatwn — He presented a tilting of the head to the left with the chin 
turned to the right When the head was turned to the opposite side, dizziness 
would appear but it would last but a few seconds With the exception of a 
markedly diminished left patellar tendon reflex there were no other evidences 
of an intracranial involvement A vestibular test at that time was negative 
Soon the pointing reaction became defective its direction was inward and 
downward 

Diagnosis — ^The clinical picture was merely suggestive of a cerebellar 
condition 

Com sc — One month before the operation the patient suddenly became blind 
in his right e>e An examination revealed a marked veinous engorgement with 
a feu hemorrhagic spots in the right ocular fundus but no changes were seen 
in the left eye A Barany test at this phase was positive and indicated the 
existing of a pontocerebellar lesion A decompression was made in the sub- 
occipital region, but the patient expired a few hours later 


DISCUSSION 

An analysis of these cases demonstrates one striking' fact, that 
while during many months no diagnosis could be made, the symptoms 
suggesting a pathologic condition approximately m the cerebellar 
vicinity commenced to make their appearance very late, so that early 
surgical interference could not be thought of As to the symptoms 
themselves, their number ivas too small to permit strong" inferences 
at first, but it is only because of their unilaterahty and gradual and 
progressive development one after another, finally their persistence, 
after once haMng been established, that a tentative conclusion was 
reached as to their localization It is not less remarkable that in five 
of the se\ en cases the increased intracranial pressure failed to produce 
changes in the ocular fundi In the two positive cases, the changes 
appeared only a short time before death (two months and one month, 
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respectively) Retinal hemorrhages, with venous engorgement, were 
the symptoms observed In view of their late development, the eaily 
diagnosis remained in suspense Then entiance into the picture of the 
disease at once rendered the tentative localization already made moie 
and more suggestive 

The positive sign common to all the cases was the error in the 
pointing leaction The latter seems, therefore, of great value, and 
the search for it should be made peisistently and lepeatedly since in 
each of the seven cases it was a late manifestation, its absence in the 
early period of the disease was noticeable 

A special position of the head was piesent in foui of the seven 
cases The head was inclined toward the side of the tumor and when 
attempt was made to move it to the opposite side, headache and dizzi- 
ness appeared, a diagnostic S 3 '^mptom to which I directed attention 
several years ago and which I had oppoitunity to verify on many 
occasions ^ The special position of the head, which remained unaltei ed 
until death, contributed, to a great extent, to the foimation of a 
diagnostic opinion which was so difficult in view of the extremely 
small ntimbei of symptoms 

In two cases there was a persistent discomfoit in the neck muscles 
consisting of a stiffness or of a pulling sensation Although such a 
phenomenon has been observed, and reported m the hteratuie, never- 
theless, Its inconspicuousness in both cases did not permit of attaching 
any diagnostic impoitance to it 

In Case 2 one symptom aioused a stiong suspicion with regard to 
an intiacianial involvement, in spite of the absence of gross and definite 
manifestations This was a persistent pain with an objective hyper- 
esthesia confined to the aiea of distribution of the fiist two branches 
of the fifth neive The pain was not of a neuralgic character but was 
a deep seated and continuous aching, pulling, oi burning It was so 
unmistakably diffeient from the classical neuialgia and so persistent 
and so discomfoiting to the patient that attention was unavoidably 
directed to the possibility of an intiacianial involvement 

Neive involvement is observed very fiequently in ceiebellopontine 
neoplasms Indeed, one may say, it is a strong diagnostic and localizing 
symptom Cuiiously enough, only m two cases of my series the seventh 
and sixtli nerves, respectively, were affected, but in a mild degree and 
only toward the termination of the disease A veiy long period of time 
elapsed befoie these two neives showed any involvement at all, and no 
definite diagnosis could be made from the veiy few symptoms piesent 

The vestibulai tests by Barany’s methods are usually of consider- 
able assistance m pontoceiebellar conditions The negative results 


1 J A M A 50 461 (Aug 8) 1908 
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observed in six cases of the senes are certainly striking In one case 
it pro\ed to be confirmator}' of its diagnostic value during the advanced 
period of the disease It seems, therefore, that in cases in which there 
IS a great paucity of symptoms, tlie vestibular test itself is negative, 
although its usefulness would have been particularly enhanced in such 
cases had it given positive results 

CONCLUSIONS 

This study indicates the possibility of unusual difficulties being 
present in the diagnosis of pontile angle tumors, and, therefore, leads 
to a delay in operative procedures, which, after the diagnosis has been 
made possible, become useless and highly dangerous 

The vestibular leactions which ordinanljy^ render considerable aid 
111 the diagnosis of pontocerebellar tumors are evidently not invanably 
positive in every case Their absence, singularly enough, coincides 
Mitli the absence of many other important symptoms on which a neuro- 
logic examination is based The present study demonstrates the fact 
that integrity of vestibular reactions does not exclude the possibility 
of a pontile angle tumor 

In cases in which the diagnostic difficulties are great, one or two 
shght manifestations ma}^ obstinately persist at repeated examinations, 
such sjmptoms, although slightly or very slightly developed, should be 
regarded with suspicion, and if they are persistently unilateral a ponto- 
cerebellar condition should be thought of Furthermore, the cases 
under discussion show tliat ^among such apparently insignificant symp- 
toms the pointmv- error is of great localizing value, as it was present 
in each case its value is parallel with that of gait disturbance which 
IS manifested m ivalking or falling toward one side in unilateral cere- 
bellar conditions, it is also parallel with diadokokinesia (quick prona- 
tion and sipmation) ivhich is intimately related to the functioning of 
the homohteral cerebellar hemisphere The pointing errors are to be 
regarded as the result of consequences of a disturbance in the regula- 
tion and in the coordination of voluntary movements, which are con- 
trolled by the cerebellum, directly or indirectly, the role of the latter 
as a coordination center, or as an organ receiving its reflex influence 
on coordination from elseivhere in the central nervous system, is still 
in dispute 

Persistent pain in the area of distribution of one or two branches 
of the trigeinmus, pain ivhich is not of the typical neuralgic character, 
but has the -haracter of pulling, burning, boring, etc, seems to be a 
liighly suggestive s}mptom in the conditions under discussion, as 
Case 2 has proven Here, again, its persistence at repeated examina- 
tions, and, particuiarl)’^, its extremel} deep ^ character, should 
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lead to the possibility of a mateiial pressure on the fifth nerve at the 
level of the pons Its occuirence in Case 2 seems to be highly 
instructive for diagnostic purposes 

After a careful consideiation of all these special phenomena, it 
appears that while it is true that a diagnosis is almost an impossibility 
in the presence of such an extremely small number of symptoms as 
seen in this series of seven cases, nevertheless, the analysis of the 
special symptoms with their paiticulai chaiacteristics even m the eaily 
phases of the disease is bound to arrest attention In all such cases 
a cerebellopoiitile condition should always be thought of and eaily 
radical intervention be considered seiiously To reiterate a negative 
vestibular test is not to be relied on for diagnosis as it is not conclusive 
and this study has shoivn that integrity of vestibulai leactions coincide 
frequently with paucity of other neurologic mamfestations 

Special emphasis is laid on this important fact that a limited or 
veiy limited number of morbid manifestations may be piesent even 
in cases in which the tumoi is of a large size, as the findings in these 
cases have proven it amply The dimensions, therefoie, of a neoplasm 
must not be talcgn into consideration in every case when the proper 
estimation of the few S 3 miptoms present is diagnostically figured out 
H W Stenvers recently called attention to a very interesting differ- 
ential diagnostic point He obseived in seveial instances that loent- 
genograms show erosions of the mesial part of the petrous bone m 
pontile angle tumois If this statement is correct, these findings are 
of great practical value and add an important diagnostic symptom, 
particulaily in cases in which the number of symptoms is unusually 
small 2 


2 J Nerv & Ment Dis 55 54 (Jan) 1922 



OSTEOMALACIA 


E P CORSON WHITE, MD 

PHILADELPHIA 

Osteomalacia is a generalized softening of adult bones which were 
at one time quite calcified and hard It occurs in adult man and m 
some animals and birds In man several types are recognized 

1 A mild form is found in pregnant, puerperal and lactatmg 
women, which recurs with each pregnancy The skeletal changes 
become worse with each attack, but tend toward a spontaneous recovery 
when the dram of pregnancy and lactation is removed A very similar 
group of cases arises in famine districts, or when the variety of diet 
IS limited The avidity of the tissues for calcium and phosphorus m 
these forms of osteomalacia is, however, undisturbed, and when these 
elements are added to the dietary in usable form, the patient recovers 

2 A second or senile type occurs in old people, in which the bone 
softemng is, as a rule, confined to spine and pelvis It generally 
progresses rapidly for a time, then ends in recoveiy with marked 
residual deformity 

3 A severe foim occurs in pregnant, puerperal and multiparous 
u omen, in boys, men and castrated women, which is steadily progressive 
and shows no tendency toward recovery, ending in a marasmic state 

In lower animals practically all cases examined were of this last 
type It occurs equally m male and female, mammal and bird Up 
to the present time there have been forty-nine cases among mammals 
and thirty-foui among birds Considenng the many species of animals 
exhibited, the disease is rather sharply limited to a very few groups 


TA.BLE 1 — Cases of Osteomalacia in Mammals and Birds 



MAMMALS 




Cases 

Males 

Females 

Primates 

26 

19 

7 

Lemurs 

4 

0 

4 

Carnivora 

6 

4 

2 

Hyraces 

1 

0 

1 

Rodentia 

5 

3 

2 

Marsupialia 

8 

5 

3 


A\ ns 


Cases 

Coluinbae 



12 

Galh 



9 

Psittici 



6 

Passeres 



2 


This table shows that 50 per cent of all the mammals infected are 
primates, and m this order are limited almost exclusively to the Cebidae 


*From the Laboraton of the Philadelphia Zoological Societj 
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Of the birds 40 per cent are doves (Columbae), 30 per cent are 
pheasants (Galh), 12 per cent parrots (Psittici) In the first two 
groups the disease is very extensive, involving practically ei^ery bone 
m the body, and the lesions are much more severe than those found 
m any of the other groups of animals or birds Many other animals 
exposed to exactly the same environmental condition show a real or 
apparent immunity Necropsy findings are practically the same in birds 
and mammals 

In mammals, the long bones of the extremities are early and 
seriously involved They yield under the weight of the adult body, 
twist and bend, causing extraordinary and grotesque deformities Very 
soon the animal is unable to stand (cage paralysis) 

In birds, the more serious lesions occur in the bones of the thorax, 
ribs and sternum Claws and beak are frequently affected, often so 
softened that the bird is unable to pick up seeds 

The gross appearance of the bones is again roughly similar The 
skull may be reduced to the consistency of writing paper, the margins 
of the bony plates are often markedly thinned, while centers show 
irregular spots of thinning interspersed with areas of thickening In 
one case, an adult Cebus, the skull was so completely deprived of 
calcareous matter that it could be twisted The ribs are irregularly 
softened Thin translucent areas are found associated with white 
opaque fusiform or nodular headings, especially at the costosternal 
junction and at the epiphyses These headings are apparently efforts 
at splinting, occuiring where the weakness from excessive bone absorp- 
tion IS the greatest The whole rib may be soft, the consistency of 
soft rubber, and almost entirely deprived of the bone salts It will 
cut with scarcely any crunch and bend easily in the fingers 

The long bones show the same irregular thickening closely associated 
with areas so thinned that they are almost translucent They are 
usually distorted because of the body weight, generally a forward 
bowing Fractures are extremely common, often more than one is 
found at necrops)^ These injuries may show no attempt whatever 
at lepaii, or more often a fibrous or inadequate cartilaginous union 
In all instances the deposition of bone salts is very inefficient More 
rarely there may be an overactive effort at repair, but here also with 
only a scanty deposition of bone salts In the immediately adjacent 
areas there may be marked subpenosteal reaction, but, as a rule, the 
penostenm shows no reaction at all 

In man, the small joints often become deformed early and m appear- 
ance suggest an osteo-arthritis Large joints may ankylose The 
spine and pelvis are involved sooner or later, ending often with a 
total loss of power over the legs 
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Besides the bone lesions, there is constantly present in these animals 
a more or less severe secondary anemia, a lowered alkalinity of the 
blood and a fermentative type of intestinal indigestion All show 
slight dilatation of the stomach, with some atrophy of walls The 
small intestines are thm walled, and the accumulation of gas gives to 
it a sausage appearance Lactic acid was found once in the urine 
The kidneys show mild nephritis changes, and m some, fatty degenera- 
tion or merely pallor is present 

Microscopically, the bones show m every case a more or less pro- 
nounced absorption of the calcareous salts (osteoporosis) and with 
the abnoimal bone absorption there is a marked tendency toward the 
deposition of newly formed osteoid tissue m which calcification never 
reaches the normal Sections show osteoid margins along each lamella 
of bone, covering m the paits still calcified Normal lamellar arrange- 
ment of bone is sometimes retained , usually, however, the bone cortex 
is very thm with coarse, broad trabeculae, wide marrow spaces and 
only the slightest tendency toward the formation of Haversian systems 
Lacunae and osteoblasts may be noimal but contain little calcareous 
matter Osteoblasts and osteoclasts may be few, equal in number, or 
the osteoclasts may be unduly numerous Osteophytes and Sharpey’s 
fibers, similar to those found m osteitis deformans, are frequently 
seen Cancellated tissue is often much decreased, especially at the 
ends of the long bones In some cases it has practically disappeared 
The periosteum may be sharply marked ofif from the bone cortex, 
as a rule, it shows no activity m its osteogenetic layer The sub- 
periosteal bone may be veiy thm, almost like paper, but normal m 
appearance At the junction of the bone and the cartilaginous rib 
theie IS often a thickening, seemingly from the periosteum Endo- 
chondral bone formation at the epiphysis is usually abnoi mal, as shown 
by Its irregularity of foci and extremely'^ large mtratrabecular spaces, 
osteoblasts are numerous The marrow cavity is wide and filled with 
red more or less edematous marrow The bone marrow is very much 
like that found m aplastic anemias It is generally scanty and collected 
near the ends of the bones Bone shows active removal of old tra- 
beculae b} means of numerous osteoclasts, and the production of 
fibroblasts, some of which differentiate into bone cells for forming 
new trabeculae m which only scanty amounts of lime are deposited 
Rare!} e\er is normal bon) architecture reproduced 

An anal) sis of the bones show's a marked diminution m the amount 
of calcium and an excess of sulphur and magnesium Metabolic studies 
show a loss of calcium primarily m the feces, but also a marked 
increase in the calcium output in urine, with the retention of sulphur 
and magnesium A salt metabolism of one monkey was attempted on 
four four-da) periods, wdiich showed a high calcium and phosporus 
loss w ith a moderate magnesium and sulphur retention 
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No hypothesis yet advanced satisfactouly explains the obseivcd 
facts The one most gencially accepted is Fcliling’s ' theoiy, based on 
Foichiei's observation Ih.it osteomalacic women wcie impioved oi 
Clued by the lemoval of the ovanes His idea was that the disease w.is 
due to a hypci function of the inteinal sccietion of the ovanes, which 
pioduced a sympathetic paialysis of the vasomotoi system, which, in 
tuin, caused a hypeicmia of the bones and a consequent abstiaction 
of calcium Caieful examination of our autopsy mateiial failed to 
icveal any specific oi distinct lesion in the ovanes, oi in any of the 
ductless glands All weie, howevei, appaiently smallei than glands 
usually found, with the exception of the adienals, which weic cilhei 
noimal in si/c oi laigci, and in two cases much congested Minoi 
changes weic noted in the thyioid in a few instances Ovanes and 
testicles weic giossly noim.il in appeal ance Micioscopically, spei- 
mat.ixoa wcie found to be much i educed in numbeis 

The second theoiy of oiigin was that in some mannei the alkalinity 
of the blood was dcci cased, which peiinitted the lime salts to go into 
solution This dcci eased alkalinity might be due to (1) a piimaiy 
ductless gland disoidei, especially a dysfunction of those glands which 
m some mannei weic concerned with bone metabolism, (2) a loss of 
alkali, (3) an excessive acidity, cithci the icsult of a piedominantly 
acid foiming diet, oi due to an excessive pioduction of acid in the 
body These factois might act independently oi in coalition, and might 
act diicctly oi indiiectly thiough then influence on the ductless glands 
The absoiption and deposition of salts aic dependent on the chemical 
cquihbiium of the cells, and slight shiftings of the acid base cquihbiium 
of the cells m cithei dncction may be sufficient to cause extensive 
lesions 

In favoi of this view aic many obscivations and expeiiments 
Vnehow- dcsciibed deposits of calcium in the oigans of people dying 
of osteosaicoma, osteomalacia and othei disease states ni which theic 
IS excessive bone absoiption These deposits weie found in all oigans, 
but especially those cxci cling an acid into then cavities — lungs, stomach 
and kidneys In these oigans thcie was no evidence of diffuse necio- 
biosis pievious to the deposit of the lime salts It seems piobable 
theicfoie, that the calcium was piccipitated into the noimal organ 
because the excietion of the acid in these paits left the tissue fluids 
lelatively moic alkaline and less able to hold the same amount of 
calcium in solution Pawlow found a bone condition veiy similai 

1 FclilniR: Ueber Wesen und Bchandlung dcr OstconiaIa 7 ic. Aich f 
Gynack 28 1890 , 29 1891 

2 Vnehow Vircliows Arch f path Anat 197 112, 1909 

3 Pawlow, cited In Babkin Ztschi f StotTwccliscl 11 ♦‘561. 1910 
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to osteomalacia in dogs, in which a pancreatic fistula was continued 
for long periods Here there was a constant loss of alkali through 
the fistulas, and the bod} alkalis had to be utilized for neutralization 
of the acid production 

Diet has at vanous times been proposed as a factor, at least, in 
the production of this condition This idea has gained considerable 
weight through the inciease of the number of cases recorded from 
famine districts and parts of Cential Europe where the dietary is 
restricted and unbalanced Voit* fed pigeons for one year on diets 
very poor in calcium, with clinically no ill effects, but found at 
necropsy marked wasting of the sternum and skull 

In adults a poor calcium diet can be continued for long periods 
without any apparent ill effect, because the losses from the blood and 
soft tissues can be replaced from the bones In the young, however, 
poor calcium diets very promptly cause weakness and flexibility of 
the bones 

During piegnancy the calcium requirements of the animal are 
markedly inci eased Steenbock and Hart ® found that the production of 
milk made heavy drains on the skeleton, unless the amount of calcium 
and phosphorus contained in the food was abundant Forbes and 
Beegle ° also noted that calcium was often lost when the animal was 
stonng nitrogen Steenbock ~ and his associates have produced osteo- 
malacia in cattle by feeding them "shorts," a diet high in magnesium 
but otheiwise veil balanced Sherman and Gettler® found, on a diet 
giving a high acid ash, as rice and potatoes, that 33 per cent of the 
acidit} could be accounted for by increased ammonia production and 
about 40 per cent by the increased acidity of the urine, leaving a 
remainder which must be eliminated or neutralized by sodium or potas- 
sium carbonate of blood or other fixed alkali Etienne ® found that 
excess of magnesium in an otheiwise well balanced food apparently 
caused a continual loss of calcium Schiff and Strauslc}'- injected sub- 
cutaneously a magnesium salt and produced a marked increase in 
calcium output in urine and a diminution in calcium retention In 
childien after weaning calcium disturbances are frequent and often 
are due to disorders of digestion and obscure irregularities of nutrition 

4 Voit, E Significance of Calcium m Animal Nutrition, Ztschr f Biol 
16 55, ISSO 

5 Steenbock and Hart Influence of Function on the Lime Requirements of 
Animals, J Biol Chem 3 23, 1913 

6 Forbes and Beegle Mineral Metabolism of the Milch Cow, Ohio Agri- 
culUire Experiment Stat Bull 295 

7 Steenbock and Hart, Development of Osteoporosis by Swine Induced by 
High Magnesium Intake, J Biol Chem 3 23, 1913 

8 Sherman and Gcttler The Balance of Acid Forming and Base Forming 
Elements in Foods and Its Relation to Ammonia Metabolism, J Biol Chem 
11 323 1912 

9 Etienne J Plnsiol et Path 14 108, 1912 
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From these observations and experiments, it seemed advisable, first, 
to examine carefully the diet of the Cebidae monkeys, in which family 
the disease was most prevalent and most severe The food of these 
monkeys, two bananas or two apples or six small sweet potatoes, with a 
poition of boiled rice about the size of an egg, occasionally bread, pea- 
nuts and lettuce This diet was studied first, for the amount of essential 
protein, fat, carbohydrate and ash , then, for the general character of 
the protein and ash, and third, for the ability of this entire diet and 
of each of its constituents to maintain normal growth, health and 



The average growth curves are plotted for the entire time on which the 
rats were fed the separate constituents of this diet and they are compared with 
the curve of normal rats on a well balanced diet and with rats on the complete 
diet fed to these monkeys 

reproduction A diet is considered normal when it maintains a normal 
u eight curve, gives a normal immunity to disease, allows completion 
of a normal span of life, and allowsmormal breeding of healthy young 
that shall be vigorous when weaned 

Analysis of this diet computed from Atwater’s tables and by actual 
analysis of the amounts of food consumed by the animal m four four- 
day periods gave (1) Protein low in quantity and poor in quality. 
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especially low in phosphorus content (2) Fat very low (3) Carbo- 
hydrate very high, almost eleven times the value of all other ingredients 
(4) Ash decidedly low and predominantly acid Further analysis of this 
ash showed only a trace of calcium and phosphorus and iron, only a 
small amount of sodium and potassium , sulphur and magnesium were 
slightly higher (5) Ahtamins A, B and C weie present in extremely 
small amounts Vitamin A was exceptionally deficient and m the 
rations of some days was entirely lacking 

The accompanying giaph shows the eftects of the separate constit- 
uents of this diet and the diets as a whole on the growth and nututi've 
balance of rats Rats weie chosen for this study because they were 
susceptible, and the only animal for which we have noimal standards 
for comparison Lettuce, com and apples did not support life, bananas 
gave little giowth with no reproduction, but life continued for a con- 
sideiable length of time Eggs weie extremely detrimental to the 
health of rats, causing diarrhea with many fatty acids in the stool, 
eczema and early death Sweet potatoes caused distention of the 
abdomen, sore eyes, dianhea with frothy stools, rough coarse fur, 
hump back, no breeding and consideiable atiophy of testicles Rice 
produced a loss of weight, constant diarrhea, hump back, swollen 
joints, soie eves and no breeding With bread the geneial condition 
was good, Aveight cuive depressed and diarrhea frequent Reproduc- 
tion was much reduced The young died or w'ere eaten by paients 
before weaning W ith peanuts the eyes w'ere sore, a diarrhea frequent, 
but coat was fair and geneial condition good The rats hied poorly 
and the >oung all died before weaning In other words, not any con- 
stituent ot the diet was able in itself to support life and health The 
entile diet gave a generally good condition, wuth a moderate depression 
of weight, iinmumt}’' and breeding Frothy dial rhea was present in 
most of the rats at some time dming the experiment, and in some w^as 
constant Litters w^ere vigorous at birth but weie ahvays eaten by the 
parents 

A second senes of rats w'as subjected to the principal ingiedients 
of this diet for one month and w^as then fed wnth additional food 
w^hich, theoretically, should leplenish the deficient diet and make it 
adequate, as showm by resumption of normal growdh curve 

Table 2 show^s the additions necessary for coirections of the separate 
ingredients of the diet 

The complete diet was rendered adequate by the addition of fresh, 
whole milk and leafy regetables/ or by butter fat, salt mixture and 
leafv legetables 

In this monkey diet several factors aie of importance (1) Low 
Mtamm content, especially vitamin A. factors which are essential for 
life and growth (2) A high carboh 3 ’^drate diet wdiich on oxidation 
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TABLE 2— Correction or Diet I^GREDIc^TS 


DIET 

Rice 

Bread 

Potato 

Raw peanuts 

Bananas 

Corn 

Egg 

Apple 

Onion 


CORRECTED B\ 

casein, salt mixture, carrots or lettuce, butter fat 

casein, butter fat, salt mixture, especially phosphorus 

salt mixture, especially sodium chlorid and calcium carbonate 

salt mixture 

casein, yeast or carrots 

casein, tryptophan, lactalbumen 

detrimental to rats, no reco\ery 

casein or gelatin, butter fat 

casein or gelatin, butter fat 


yields an acid ash and which favors the growth of intestinal bacteria 
producing acid and gas The acid from these two sources must be 
neutralized either by the alkalis derived fiom food or fiom the bod} 
storage This diet, however, is abnoimally low m ash, and especially 
in the alkaline salts of the ash, theiefore making it an ideal diet for 
the production of osteomalacia 

The full significance of predominantly acid forming diets has onl} 
lately been fully recognized, especially as they affect protein stoiage, 
and, theiefore, growth and recupei ation by deflecting the mtiogen and 
draining the body alkalies Goto shows that in expeiimental acidosis 
the carbonates are fiist called on, next, the alkali phosphates, pailic- 
ulaily the potassium phosphate of muscles and calcium carbonate of 
bones 

The mam seivice of milk is probably due to its alkaline lesidue 
when oxidized in the body, and its plentiful supply of calcium, non 
and vitamins 

This diet is deficient m those salts that were lacking in the bones 
of the monkey and which the animal was excreting m excess of its 
intake, possibly because of the excess of magnesium 

This 1 ation at best would only keep the animal in calcium and 
phosphorus equilibrium, and any upset making even the slightest 
demand on its alkaline storage would be sufficient to set up a faulty 
metabolism 

CONCLUSIONS 

It would seem that in this inefficient diet lies, if not the cause of 
osteomalacia, at least a very potent factor m its production 

1 The disturbance of the calcium and phosphorus metabolism may 
be due primarily to the deprivation of the alkaline salts from the diet 
(famine osteomalacia) , or, second, to a dram from the alkaline storage 
of the body, associated with a deficient diet, as m the cases of osteo- 
malacia of pregnancy and lactation , or, third, m the combined action 
of a diet faulty m more than its salt content, which, by the pioduction 
of acid m its oxidation and by favoring the development of acid 
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forming bacteria, causes a drain of the body alkali for the neutralization 
of this acid, or, fourth, and this is more probable, espeaally in the 
severe form, it is due to the combination of all these factors acting 
upon the ductless glands and through them altering definitely the 
inorganic metabolism 

2 In severe osteomalacia the power to retain and absorb calcium 
and phosphorus is practically lost, while in the cases developing during 
famine, and in pregnancy and lactation, this power is retained These 
subjects immediately recover when calcium and phosphorus are pre- 
sented in usable form This permanent loss of power to absorb or 
retain calcium and phosphorus can be explained only by some definite 
changes in the endocrine balance 

3 It is important, also, that while this disease is very common 
among the Cebidae it has never been found among our Macaques 
This may be due to the fact that owing to the storage sacs la the 
mouth of the Macaques more food proportional to body weight is 
consumed , and to a probable essential difference in the basal metabolism 
of these families and individuals All the factors enumerated do 
tax the metabolic resources of the body and depress the functions of 
the endochrine glands Detailed and accurate quantitative studies of 
normal metabolism and their effect on the ductless glands will alone 
give a more definite answer to the pioblem The starting point of 
treatment must be a diet adequate in vitamins and containing a proper 
inorganic balance 



THE ALKALI RESERVE IN “ROENTGEN-RAY 

SICKNESS” •*' 

ROSS GOLDEN, MD 

BOSTON 

Ever since the introduction of roentgenotherapy in medicine, consti- 
tutional reactions following irradiation have been observed These 
reactions are manifested clinically by symptoms which may appear 
any time after irradiation, from a few minutes to a day or more, usually 
from four to six houis, and which may run the gamut from slight 
headache and malaise, anorexia, nausea and vomiting to complete 
prostration, compelling the patient to remain in bed two or tin ee days 
Ordmanty, the symptoms subside in a few hours 

The exact cause of these manifestations is not known Several 
theories as to their origin have been offered, the ments of which, with 
one exception, it is not the purpose here to discuss Lange,' on the 
basis of the fact that the administration of sodium bicarbonate seemed 
to ameliorate or to prevent the onset of postirradiation symptoms, sug- 
gested that acidosis might be the cause It is assumed that the term 
“acidosis” was used in the ordinary sense as meaning a lowered alkali 
reserve This theory appeared to have some experimental substantia- 
tion in the work of Dems, Martin and Aldrich ® These workers showed 
that a large dose of roentgen rays, lethal when applied over the 
abdomen of rabbits, was not fatal Avhen applied over the chest or legs 
witli the abdomen protected, and that the blood of the foimer animals 
showed a lowered alkali reserve They state, “The results suggest the 
hypothesis that acidosis may be a factor in ‘treatment sickness’ follow- 
ing abdominal irradiation ” However, as the}'- point out, the dose 
applied over the abdomen of these animals was large enough to be 
fatal, about five times the amount usually given any one portion of a 
patient’s body, and, whereas clinical “treatment sickness” appears a 
few hours after irradiation, no objective symptoms appeared in the 
rabbits for several days It should also be noted that the i eduction in 
alkali reserve in these experiments did not occur for several days after 
irradiation and that the most niaiked lowering seemed to be a terminal 
affair 


* From the Department of Medicine, Harvard Medical School, and the Medi- 
cal Service of the Peter Bent Brigham Hospital 

1 Lange, S The Cause and Pre\ention of the Constitutional Symptoms 
Following Deep Roentgen Therapy, Am J Roentgenol 3 356, 1916 

2 Denis, W , Martin, C L , and Aldrich, M A Study of the Relative Toxic 
Effects Produced by Regional Radiation, Am J M Sc 160 555, 1920 
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Following the intra\enous injections of radium deposit in dogs, 
Theis and Bagg® found that the nitrogen elimination was increased 
and that examination of the nitrogen partition showed that ammonia 
was increased proportionally more than urea, suggesting an acidosis 
It is of interest that these dogs manifested symptoms very similar to 
those following heavy roentgenothei apy 

During the fall and winter of 1920-1921, numerous patients in the 
roentgen-ray treatment clinic of Dr George W Holmes at the Massa- 
chusetts General Flospital were advised to take sodium bicarbonate for 
the nausea following treatment No definite benefit seemed to result 
Similar observations were recorded b) Pfahler ^ In December, 1920, 
an oppoitunity presented itself to study the reaction of the blood of 
a patient undergoing ii radiation A man (J J M , W S 239,973, 
aged 28) with metastatic carcinoma of the peritoneum and mesentery 
of unknown origin (operative diagnosis), who had received frequent 
roentgen-ray treatments during the preceding seven months, was read- 
mitted to the M est Surgical Seivice of the Massachusetts General 
Hospital in order to keep him under observation while undergoing 
intensive i oentgen therapy This patient usually had nausea and vomit- 
ing after ii radiation and was sometimes compelled to remain in bed 
duiing the reaction Dec 14, 1920, thiee days after a treatment over 
an abdominal area, venous blood was drawn into a test tube containing 
a crystal of potassium oxalate The carbon dioxid combining power 
of the plasma vas determined by Miss Margaret Woodwell in the 
laboiatory of Di J H Means and found to be 78 5 volumes per cent 
December 15 dnother abdominal area was irradiated About three 
hours later, during the postirradiation nausea, venous blood was drawn 
m the same way and the carbon dioxid combining power of the plasma 
found to be 80 volumes per cent About twenty-six or twenty-eight 
hours after the next treatment, the carbon dioxid dissociation curve of 
the blood of this patient was determined by Dr J H Means and 
Dr \ L Barach, to whom I am greatly indebted for this data, and 
the hydrogen-ion concentration was found to be normal (pu 7 35) 
The carbon dioxid content of the arterial blood (whole blood) was 
54 5 and that of the Aenous blood 60 volumes per cent Another patient 
(F C W S 237,990, male, aged 32) with metastatic melanosarcoma, 
vho had lecened frequent hea\y treatments over the abdomen for five 
months, shov ed a plasma carbon dioxid combining power of 80 volumes 
per cent , the blood being taken m oxalate one half hour after irradia- 
tion before nausea had begun 

3 Theis, R C, and Bagg, H J Effect of Intravenous Injections of Active 
Deposit ot Radium on I^letabolism in the Dog, J Biol Chem 51 525, 1920 

4 Pfahler, G E The Cause and Pre\ention of the Constitutional Effects 
^ssociated \Mth the Massne Doses of Deep Roentgen Therapy, Am J 
Roentgenol 5 5, 1918 
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The lesnlts on these two patients indicated that there was no fall in 
the alkali leserve after iiiadiation In fact, the figures for the plasma 
carbon dioxid combining power are unusually high, as both 75 and 
80 volumes pei cent have been recorded as the uppei limits of normal 
To secuie moie evidence, animal expeiiments were planned with the 
idea of determining whether or not relatively moderate doses of 
roentgen rays were followed by the clinical signs of “tieatment sick- 
ness” and by a lowering of the alkali reserve of the blood These 
experiments weie earned out dm mg the fall and winter of 1921-1922 
at the Peter Bent Brigham Hospital Further clinical observations 
were made as opportunities presented themselves 

The plasma carbon dioxid content of two dogs leceiving weekly 
irradiations was studied oier a period of about three months Dog 1 
Avas a black and ivhite mongrel weighing 12 kilos Dog 2 was of 
airedale extraction, not quite full giown, and weighing 10 3 kilos Dog 3, 
a yellow mongrel weighing 11 kilos, was kept as a control under the 
same conditions as the other two dogs and received no radiation until 
this experiment was finished, as described below The radiation was 
applied OAer the upper part of the abdomen for the fiist two or thiee 
times and then alternately over the back and over the upper abdomen, 
always invohing the Ausceia of the upper two-thirds of the abdomen 
The rays were produced by a broad focus Coohdge tube activated by 
an inteirupterless Victor-Snook transformer, using a spaik gap of 
9 inches between spheies, a filter of 5 inin of aluminum and a target- 
skin distance of 8 inches With this setting 50 inilhampere were at 
first gnen to both dogs This quantity of radiation was sufficient to 
make Dog 1 vomit ohee oi twice m two oi three hours and to refuse 
food Dog 2, on two trials with 50 ma minutes and one with 60, gave 
no evidence of a reaction However, 75 ma minutes Aveie sufficient, 
with one exception, to make him Ammit once The animals were bled 
from the external jugular vein at varying inteivals aftei irradiation, 
the blood being collected under liquid petrolatum m a tube containing 
a crystal or two of potassium oxalate It was then transferred to a 
centrifuge tube and centrifuged under oil The carbon dioxid con- 
tent of the plasma was determined by Van Slyke’s method (1917) 
The blood bicarbonate in dogs apparently has lower normal limits 
than in man Hjort and Taylor ° found the plasma carbon dioxid 
combining power of apparently normal dogs to vary from 42 9 to 67 3 
volumes per cent m twenty-four animals The blood was not manipu- 
lated under oil and the plasma was equilibrated with air containing 
5 5 per cent carbon dioxid I found that the plasma of dog blood 

5 Hjort, A M , and Tajdor, F A The Effect of Morphm on the Alkali 
Reserve of the Blood of Dogs Gassed with Fatal Concentrations of Chlorin, 
J Pharmacol & Exper Therap 13 497, 1919 
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taken and centrifuged under oil gave off, on the average, from 7 to 8 
volumes per cent more carbon dioxid after equilibration with my own 
alveolar air than before, i e , the actual carbon dioxid content of dog 
plasma was from 7 to 8 volumes per cent less than the carbon dioxid 
combining power when equilibrated with presumably normal human 
alveolar air In view of the reaction which takes place between plasma 
and corpuscles when carbon dioxid is lost from the blood, winch results 
in a slight decrease in the amount of plasma bicarbonate, and in view 
of the subsequent equilibration with carbon dioxid at about the tension 
of human alveolar air, the method used by Hjort and Taylor undoubt- 
edly gave figures slightly higher than the actual plasma carbon dioxid 
content In several determinations of the plasma carbon dioxid content 
of two nonnal dogs, the blood being collected under oil. Gauss ® found 
one 43 8 volumes per cent and one, when the animal was excited, as 
low as 40 9 volumes per cent Therefore, one could hardly say that 
the alkali reserve of dog blood was below normal limits unless the 
carbon dioxid content of plasma handled under oil went below 40 
volumes per cent , which is probably a conservative estimate 

Two preliminary determinations of the carbon dioxid content of 
the plasma were made before any radiation was given On Dog 1 
the second of these and the first after irradiation was begun weie not 
made with the animal fasting Chanutin ^ has shown that the ingestion 
of a quantity of meat raises the carbon dioxid combining power of dog 
plasma from 5 to 9 volumes pei cent , the peak coming anywhere from 
one to four hours after the feeding The remainder of the observations 
vere made with the animals fasting, except for the last on Dog 1, 
just before he was etherized, as necropsy showed the stomach to be 
full of undigested meat This final observation, nine days after the 
last irradiation, was the only one in which the alkali reserve was 
lowered definitely below the normal and was probably due to a terminal 
acidosis The results are recorded in Tables 1 and 2 There was no 
evidence that irradiation lowered the alkali reserve, whether vomiting 
occurred or not Table 3 gives the observations made at intervals on 
the plasma carbon dioxid content of Dog 3 the control animal 

To determine whether or not even, a slight reduction in the alkali 
reserve occurred during the hours following irradiation, a supple- 
mentary experiment was run with Dog 3 as the subject With the 
animal fasting, four control observations on the plasma carbon dioxid 
content were made at intervals on March 1, 1922, and one on the morn- 
ing of March 2 As shown in Table 4, there was a slight fall which 

6 Gauss, H The Effect of Morphm on the Alkali Reserve of the Blood of 
kfan and Certain Animals, J Pharmacol & Exper Therap 16 475, 1920 

/ Chanutin, A Animal Calorimetrj — The Influence of the Ingestion of 
Afeat and of Gbcine and Alanine on the Carbon Dioxid Combining Power of 
Blood Plasma, J Biol Chem 49 485, 1921 
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TABLE 1 — Observations on the Plasma Carbon Dioxid Content 
or Dog 1 After Irradiation 


Date 

Quantity 
of Rndin 
tion* 

Reaction 

Bled After 
Irradiation, 
Hours 

Plasma 00a 
Content, 

Vol per Cent 

Weight in 
Kilos 

10/10/21 

0 



63 8 


10/13/21 

0 



61 9 

12 0 

10/17/21 

50 

Vomited 

Not bled 



10/25/21 

50 

Vomited 

18 

05 0 


10/31/21 

50 

Vomited 

0 

47 8 


11/ 7/21 

50 

Vomited 

3 

52 6 


11/14/21 

76 

Vomited 

3>/_ 

49 4 


11/21/21 

75 

Vomited 

2 

49 2 


11/28/21 

75 

Vomited 

4 

689 


12/ 5/21 

75 

Vomited 

3 

49 6 


12/12/21 

75 

None 

2% 

61 0 

10 8 

12/19/21 

40 

None 

2 % 

67 9 


12/20/21 

0 



65 4 

90 

1/ 2/22 

50 

None 

2 

58 4 


1/ 9/22 

40 

None 

3 

49 5 

75 

1/18/22 

0 


Bled just 

30 4t 

04 




before 






etherization 




* In inillinmporo minutes ■nllh n target sLin tllslnnce ot S indies, ii spar],, gap of 
9 indies (bct^\ccn spheres) and a filter oi 5 mm ol aluminum The radiation was applied 
either over tlio upper abdomen or o^cr the bade in such a nay tliat tlio ■viscera of the 
upper two thirds of tlic abdomen were involved cadi time 

t Onlj at the last observation was the plasma carbon dIo\id content reduced below 
the normal As tills was made nine dajs alter tlic last irradiation when the animal was 
extremely weak, it was tliought to be a terminal acidosis, not related directly to the 
irradiation 


TABLE 2 — Observations on the Plasma Carbon Dioxid Content 
or Dog 2 After Irradiation 


Date 

Quantity 
of Radia- 
tion* 

Reaction 

Bled After 
Irradiation, 
Hours 

Plasma COa 
Content, 

Vol per Cent j 

Weight in 
Kilos 

10/10/21 

0 



47 2 


10/14/21 

0 



48 3 

10 3 

10/17/21 

50 

None 

Not bled 



10/25/21 

50 

None 

10 

602 


11/ 1/21 

50 

None 

0 

50 0 


11/ 8/21 

00 

None 

3 

47 3 


11/16/21 

76 

Vomited 


48 3 


11/22/21 

76 

Vomited 

2 

49 5 


11/29/21 

76 

Vomited 

4 

40 0 


12/ 0/21 

75 

None 

Not bled 



12/13/21 

00 

None 

3 

62 0 

98 

12/20/21 

0 



47 3 


12/27/21 

50 

None 

3 

40 4 

80 

1/ 3/22 

50 

None 

2% 

671 


1/11/22 

35 

None 

2 

49 4 

00 


* In milllamporc minutes ns descTibed under Table 1 

t No reduetion of the plasma carbon dioxid content below the normal was found 


TABLE 3 — Observations on the Plasma Carbon Dioxid Content or Dog 3 * 


Date 

Plasma COa Content, 
Vol per Cent | 

Weight in Kilos 

10/11/21 

53 4 


10/17/21 

44 8 

11 0 

12/10/21 

62 0 

11 7 

12/23/21 

51 0 


12/30/21 

519 

121 

1/ 0/22 

51 5 



* This animal was not Irradiated during tills period He was kept as a control under 
the same conditions ns the other two 
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possibly was related to the fast On the morning of March 8, the 
fasting animal was given an irradiation of 75 ma minutes with the 
setting described above He was bled at intervals of approximately two 
hours during the day and once the following morning, the first bleeding 
being made about an hour and a quarter after irradiation when he 
was showing evidences of nausea One and three-quarters, three and 
one-half and four and one-half hours after irradiation he vomited a 
colorless watery material containing no free hydrochloric acid During 
this period he was noticeably inactive About six hours after the treat- 
ment he became more lively and m a short time he appeared to be quite 
normal The expenment was repeated April 3 with practically the same 


TABLE 4 — Obscriations on the Plasma Carbon Diomd Content of Dog 3 
Made at Intervals After Irradiation* 




Plasma CO 2 

Weight in 


Date 

Time of Bleeding 

Content, 

Vol per Cent 

Kilos 

Remarks 

3/1/22 

9 50 a m 

52 0 

111 

Animal fasting, no roentgen 

11 50 a m 

48 3 


ray 


2 15 p m 

491 




3 45p m 

48 3 



3/2/22 

9 30 a m 

46 2 



3/S/22 

1 0 15 a m 

1 49 6 


Animal fasting, roentgen 


11 10 a m 

56 4 


ray, 75 ma -min over ab 


1 20 p m 

54 9 


domen ending 7 55 am 


3 30 p m 

508 


vomited watery material 

3/9/22 

6 05 p m 

49 0 


at 9 35, 11 30 and 12 30, 
vomitus contained no free 
HCl 

9 15 am 

518 


4/3/22 

9 15 a m 

53 5 

10 5 

Animal fasting, roentgen 


11 10 a m 

567 


ray, 75 ma -mm , over ab 
domen ending 8 15 am. 


1 20 p m 

565 



3 (6 p m 

50 6 


vomited watery material 

4/4/22 

5 05p m 

9 15 a m 

52 7 


at 9 30, 11 00 and 12 30, 
free H Ol present In speci 
men at 9 30 a m 

52 5 



Ihc settinp lor the irraclntion rvas as described under Tablo 1 The figures show a 
sliglit rise in‘-tead ol a fall in the plasma carbon dioxid content during the first few hours 
alter irradiation 


result, except that the first vomitus contained free hydrochloric acid 
It will be seen m Table 4 that, on both occasions, the plasma carbon 
dioxid content, instead of diminishing during the reaction, rose slightly 
and then fell slightly below the first figure 

Aside from the question of the alkali reserve, it may be of interest 
to record other facts observed during the experiments Epilation of 
hair with desquamation of the skin over the irradiated areas appeared 
about four weeks after the first application of the rays, but no definite 
erythema or destruction of the skin occurred The first three or four 
irradiations seemed to cause the animals slight transient discomfort m 
spite of the vomiting After that they began to show lack of energy 
and to refuse food for two or even three days About the sixth week 
it became evident that both dogs were losing weight From that time 
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on, as the weights recoided in the tables show, the loss was increasingly 
rapid Dog 1 lost altogether 5 6 kilos, or 46 per cent , of Ins weight, and 
Dog 2 lost 3 1 kilos, or 37 per cent During this period the control dog 
gained 1 1 kilos The emaciation was so extreme and developed so 
rapidly during the last month of the experiment that it does not seem 
leasonable to attribute it alone to the peiiods when the dogs refused 
food, although this must have been a factor During the last month of 
the experiment both animals frequently passed loose and at times watery 
stools, occasionally containing streaks or flecks of blood 

Although Dog 2, a young animal, reacted less than the older one, as 
far as vomiting was concerned, he showed more evidence of weakness 
and prolonged anorexia He was found dead on the morning of Jan 15, 
1922 Unfortunately, I was away from the laboratory and was not 
notified until two days latei, the body being kept meanwhile m the 
refrigerator At necropsy, nothing definitely abnormal was found 
except a perforation of the antenor wall of the stomach which was 
interpreted as a postmortem change This interpretation was confirmed 
by the fact that no evidence of an inflammatory reaction in the margin 
of the perforation was found on histologic examination. No areas of 
ulceration or necrosis weie seen in the intestinal tiact 

Dog 1 vomited more consistently after irradiation but seemed to 
maintain his strength better and to lecover his appetite sooner than 
the younger animal January 18 his respirations were deep and slow, 
quite suggestive of the hyperpnea seen in clinical acidosis As it did 
not appeal likely that he would live more than a few hours, he was bled 
and then etheiized and a necropsy was performed immediately The 
plasma carbon dioxid content was 36 4 volumes per cent , undoubtedly 
indicating a diminished alkali reseive In view of the fact that the dog 
had not been irradiated for nine days, this acidosis was thought to be 
a terminal thing and not related to “treatment sickness ” At neci opsy, 
this animal showed nothing definitely abnormal grossly aside from 
extreme emaciation The stomach contained consideiable undigested 
meat The colon contained semifluid yellow feces which m the rectum 
were blood tinged No hemorrhagic areas, ulceration or other evidence 
of destruction of epithelium were found anywhere in the gastro- 
intestinal tract, as have been described in rabbits by Denis, Martin and 
Aldrich 2 and in dogs by Hall and Whipple ® and Warren and Whipple,® 
following a single dose of roentgen rays large enough to kill the animal 

8 Hall, C C, and Whipple, G W Roentgen Ray Intoxication, Am J 
M Sc 157 453, 1919 

9 Warren, S L, and Whipple, G W Roentgen Ray Intoxication I Unit 
Dose Over Thorax Negative— Over Abdomen Lethal Epithelium of Small 
Intestine Sensitive to Roentgen Rays II A Study of the Sequence of Clinical, 
Anatomic and Histologic Changes following a Unit Dose of Roentgen Rays, 
T Exper Med 35 187, 1922 
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Dog 3, which had been given 75 ma minutes over the abdomen 
March 8 and Apnl 3, was etherized and a necropsy performed April 4, 
thirty hours after the second irradiation and about twenty-four hours 
after he showed signs of recovery from the resulting reaction The 
necropsy showed nothing abnormal in the gross 

Microscopic examination of the liver, pancreas, kidney, suprarenal 
and cehac ganglion of Dog 1 discloses nothing abnormal No evidence 
of an endarteritis is seen in any of the sections Of the parts of the 
gastro-intestinal tract, the stomach shows the most marked changes 
There is a definite increase in the fibrous tissue of the stroma of the 
mucosa In man)'' places the gastric glands do not extend to the 
muscularis mucosae The gastiic tubules m some areas are replaced by 
fibrous tissue and m other places all that lemams of a tubule is three or 
foui of the deeply acid-slaining parietal cells completely surrounded by 
what seems to be young fibrous tissue Whatever the damaging mech- 
anism may hai'e been — the rays themselves directly or stimulation of 
fibrous tissue indirectl)' — the parietal cells seem to have been distinctly 
more resistant than the chief cells The columnar epithelial cells of the 
surface and pits show no evidence of damage The lymphoid cell con- 
tent of the solitary nodules has been markedly reduced In the small 
intestine the columnar epithelial cells appear normal Cells of the 
lymphoid series are greatly diminished in number m the tips of the vilh 
and m many instances are absent The nodules of lymphoid tissue in 
the tunica propi la show evidences of destruction, invasion by fibroblasts 
and endothelial cells and regeneration of germinal centers The large 
intestine shows nothing definitely abnormal A section of a mesenteric 
lymph node shows very rare lymphoid cells, except around the periph- 
ei)', uhere new geiminal centers have formed, the cells m which 
show many mitotic figures and from which lymphoid tissue is invading 
the node in chords The reticular tissue is infiltrated with large num- 
bers of pol) morphonuclear leukoc)'tes and endothelial cells The latter 
are manifesting great phagocytic activity, some of them containing as 
many as four polymorphonuclear cells The splenic nodules are reduced 
III number and size and there is a marked diminution in the number of 
lymphoid cells in the pulp of the spleen 

Because of postmortem changes, sections from the tissues of Dog 2 
are unsatisfactor) Howevei , they disclose nothing contradictory to the 
findings m the tissues of Dog 1 

Sections of the liver, pancreas, suprarenal, celiac ganglion, stomach 
and large intestine of Dog 3 show nothing definitely abnormal In the 
% liii of the small intestine the lymphoid cells are somewhat reduced m 
number An abdominal lymph node shows changes similar to those 
seen in the node of Dog 1 but to a much less extent The splenic 
nodules are small In the center of some of them there is a reaction 
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consisting of clusteis of laige mononuclear cells with clear nuclei and 
pale staining cytoplasm, some of which aie phagocytic The splenic 
pulp contains large numbers of migiating leukocytes and a reduced 
number of lymphoid cells 

Observations on the plasma caibon dioxid combining power of two 
patients undergoing roentgen-iay tieatment in the wards of the Peter 
Bent Brigham Hospital aie recorded m Table 5 Fiom 250 to 300 ma 


TABLE 5 — Observations on the Plasma Carbon Diomd Combining Power 
or Two Patients Receiving Roi ntgen-Ray Treatment 


Patient, 
MecI ^o 
Dinfenosis 

Date 1 

1 

1 

Area 

Iriadialcd* 

Reaction After 
Iiiadiation 

1 

Time of 
Bleeding In 
Relation to 
Treatment 

Plasma OO3 
Combining 
Pow er, 
Vol % 

W J 

0/21/21 



Before 

62 4 

16741 

9/24/21 

lower 

Nausea, repeated vomiting, 

0 lirs after 

617 

Carcinoma 


abdomen 

evacerbatlon of pain 



of prostate 

10/13/21 

Lower 1 

Sliglit anorexia, no nausea 

221irs after 

62 0 


i 

abdomen 





11/ 2/21 

Low or 

Repented vomiting, dinr- 

llirs nftei 

611 



abdomen 

riicn, pain all over 



M n 

10/20/21 



Before 

610 

1C0I8 

11/ 5/21 

liUmbar 

Slight nausea, v omllcd once 

1 3 brs after 

63 8 

Carcinoma 


region 


1 


of ovary 

11/23/21 

Lower 

Nausea, vomited llirec times 

2 lira after 

COf 

in til ascites 


abdomen 





4/ 3/22 



2 mo after 

' 62 8 





last treatment 



4/ 4/22 

Lower 

N.iuscn repe ited vomiting, 

3Vi lirs after 

614 



abdomen 

reaction began befon 

[ 





troitment wasllniblicd 

1 1 



* Tlicso pnticnts vcic treated b\ Di I/avioncc Kejnolds and received from 210 to 300 
Biilllainpcre ininulcs lioin a broad focus Coolldfrc tube aetiiatcd by i Victor SnooE Intcr- 
iiipicrless transfoinicr A\Ilb a spark Rap of 0 Indies betMtcn spbeics, a tnrRCt skin distance 
of 12 indies and a inter of 0 5 mm of coppci 


minutes weic given, using a spaik gap of 9 inches between spheres, a 
target-skin distance of 12 inches and a filtei of 0 5 mm of coppei A 
few hours aftei the ii radiation, dining the leaction, blood was taken 
fiom an aim vein with a syiuige and put into a tube containing a ciystal 
of potassium oxalate Aftci centiifuging, the plasma was equilibiated 
with noimal alveolar air and the caibon dioxid deteimmed by Van 
Slyke’s method (1917) No evidence of acidosis was found 

CONCLUSION 

No evidence that the constitutional leaction following iiiadiation 
with roentgen i ay is associated with a lowei ed alkali i esei ve was found 
in several deteiminations of the plasma caibon dioxid combining powei 
of foui patients and in lepeated determinations of the plasma caibon 
dioxid content of thiee dogs 

I wish to thank Dr Lawrence Reynolds, roentgenologist to the Peter Bent 
Brigham Hospital, for the use of rocnlgcn-iay apparatus and to expiess my 
appreciation of the cordial cooperation of Prof S Burt Wolbach m checking 
up the pathologic findings and of Dr G H Hansmann, resident pathologist, in 
the preparation of the pathologic material 













AN ANALYSIS OF SOME OF THE FACTORS OF 
VARIABILITY IN THE VITAL CAPACITY 
MEASUREMENTS OF CHILDREN = 

D J EDWARDS and MAY G WILSON 

NEW \ORK 

The use of vital capacity measurements of the lungs in a com- 
paratne way implies a certain standard of reliability of the measure- 
ments on the normal subject If the observations made on the normals 
co^er a wide lange of variability, then small differences, such as may 
veil anse from model ate disturbances m function, will be obscured, 
and the practical value of the test greatly dmiinislied 

In adults the limitations and practical usefulness of vital capacity 
measurements have been clearty shown in the work of Peabody,^ 
West “ and othei s More recently, we have applied the test to children 
and have indicated a line of usefulness in this field ^ A question 
concerning the reliability of the results naturally arises, however, 
when vital capacity measurements are made on young subjects, since 
there are two outstanding ways m which the test, as applied to children, 
may be expected to yield more variable results than when applied 
to adults First, the satisfactory performance of the test depends in 
large measure on an immediate and complete foremg-out of the air 
fiom the lungs when the test is made, and young subjects present 
some difficulty in getting a thorough expulsion of the air , and second, 
it is necessary to relate vital capacity to some other body measure- 
ment, such as height, weight, or body surface area, and during the 
grouing period these body measurements are subject to marked change 
and individual differences 

The present stud}'’ is an attempt to determine to what extent dif- 
feient methods of measuring the vital capacity influence the final values, 
and to define in a statistical way the amount of variability exhibited 
in a large series of vital capacity obsen^ations on children who were 
selected onl} with respect to the age limits of from 6 to 16 years and 
to clinicall} normal subjects 

Methods of Mcasuung the Vital Capacity — In a previous paper ^ 
dealing A\ith the vital capacity of children with heart disease we have 
gnen a figure representing the mean value obtained on a group of 

*From the Departments of Phjsiologj and Pediatrics, Cornell University 
yiedicil College 

1 Pcahodj, F W,and Wentworth, J A Arch Int Med 20 443 (Oct) 1917 

2 Weet, H F Arch Int Med 25 306 (March) 1920 

3 Wilson M G,and Eduards, D T Am J Dis Child 22 443 (Nov) 1921 
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normal subjects While this work was in print, Emerson and Green ^ 
reported observations on the vital capacity of normal children of about 
the same age range that are significantly lower than those obtained by 
us We have, therefore, studied the matter further in an attempt to 
discover some of the reasons for the apparent difference m the two 
sets of observations Our observations were made with a specially 
constructed spirometer of the Gad-Krogh type In the calibration of 
this instrument the water displacement method was first used to measure 
oft the liter divisions, and then the entire scale was checked against 
a ten liter Bohr meter A recalibration of the instrument has recently 
been made and this was found to confirm the original values We 
believe, therefore, tliat eirors in calibration can be excluded as a pos- 
sible cause for the higher values obtained by us 

A second method of checking our results has been to compare 
the readings obtained with our instrument with those obtained on the 
same subjects with other spirometers Thirty-six subjects, ranging 
in size from 083 to 1 54 sq m surface area, were selected for the 
first senes m the lest The measurements of the vital capacity were 
taken on each subject with three spirometers and with only a few 
minutes intervening between each set of observations The instruments 
used beside our own were the Sanborn, made by the Sanborn Company, 
of Boston, and the Standard, made by the Narragansett Machine 
Company, of Providence The Standard instrument was calibrated 
by the same method as that described above and a corrected scale 
placed upon it 

The Sanborn instrument gave results that agree very closely with 
those obtained with our instrument The average figure for the series 
show^s a difference of a little less than 1 5 per cent , with the Krogh 
instrument giving the higher values When the results are arranged 
into groups on the basis of the surface area of the subjects there is 
shown a remarkable parallelism of the values obtained wntli these 
instruments throughout the size range With the Standard spiro- 
meter the results show consistently low'^er readings amounting to a 
difference of a little more than 10 per cent for the averages of the 
group, when compared wnth the figure obtained with our instrument 
There is also greater variation from group to group than is exhibited 
in the results with the other instruments 

In another series of 115 cases we have compared the results obtained 
with other Standard spirometers (not calibrated by us) with those 
obtained with the Sanborn It should be noted, however, that the 
measurements in this senes with the Standard instruments were not 
taken at the same sitting, but at a previous time ranging from a few 

4 Emerson, P W , and Green, H Am J Dis Child 22 202 (Sept ) 1921 
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days to as much as a month It Avill not be possible, therefore, to 
relate these values in a quantitative way The significant feature m 
these results is the greater variability in the group averages given 
from the measurements with the Standard spirometer over those 
obtained on the same subjects with the Sanborn instrument 

Another series of tests has been made, similar in procedure to 
the above, to compare the measurements obtained with a Dry spiro- 
meter made by Thomas Upham, of Boston, with those obtained with 
the Sanborn Forty-one subjects were included in this series, and the 
average values for the group exhibit lower readings with the Dry 
spirometer by about 116 pei cent We are not justified in placing 
veiy much stress on this quantitative difference, since the measure- 
ments were not taken on the same date But observations covering 
much longer intervals make it evident to us that the lowei reading 
with the Dry spirometer cannot be explained on the basis of time 
changes 

It IS indicated from these results that certain types of spirometers 
tend to gi\e lowei readings than others and that the group values 
obtained nith the low leading spirometeis generally exhibit greater 
variability Differences of this character lesult in no small degree, we 
beliere, from the use of instiuments not sufficiently sensitive for the 
measurement of the vital capacity of children 

Another factor that appears to account foi part of the discrepancy 
between the observations reported by Emerson and Green and those 
ue have obtained is in the different method used for estimating the 
surface aiea They employed, for the most part, the Benedict-Talbot 
method, wheieas ue have used exclusively the DuBois height- weight 
method In order to obtain some notion of the extent of influence 
which this difference in the method of estimating the surface area 
might have on the final results, we selected at random ten cases 
published in the tables by Emerson and Green and have calculated 
these on the basis of the DuBois surface area chart The results 
show an average about 12 per cent higher than their figures for the 
same subjects 

These considerations, while indicating two factors which make 
for the lower vital capacity values reported by Emerson and Green, 
do not account for the comparatively large difference between their 
findings and those ve have obtained If more complete data were 
ai affable concerning technic and character of tlie subjects, it might 
suggest other factors that have contributed to the discrepancy, but m 
the ab':ence of such material it is of no avail to speculate 

Vmiaiwn of the Vital Capacity in a Gionp of Noimal Subjects — 
In a group of thirty-fir e children m rrhom stem length, chest circum- 
ference height, r\ eight and vital capacity were taken we found ® that 
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in using Dreyer’s = standards for vital capacity the correlation to the 
surface area measuiement (surface area calculated from the DuBois 
height-weight chart) appeared to be as close as that to any of the 
other body measurements On the basis of this and also the work 
of West = and of Dreyer ° on adults, the suface area unit was adopted 
for relating all our vital capacity measurements The work has been 
extended so that we now have records of the vital capacity, height 
and weight of 360 chmcally normal children This amount of material 
has seemed to warrant a closer study of the degree of variation 
exhibited, with a view to a more exact evaluation of its significance 
and better methods of expressing the results 

At present there is, in general, no better way of gaining a clear 
impression of the degree of I'^ai lability of a series of observations 
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Chart 3 — Body height (cm) against vital capacity (cc) 


than to arrange them in the form of a plot Although somewhat 
more time consuming, this method has the advantage of showing at 
a glance in which part of the range of variables there is present the 
greatest degree of scattei In the present analysis the data have been 
arranged to plot the vital capacity as related to weight, to height and 
to bod) surface area 

An examination of these plots, shown in Charts 1, 2 and 3, reveals 
the greatest degree of scatter when the body weight is taken as the 

5 Dre\cr, G, in collaboration with G F Hanson The Assessment of 
xlnsical Fitness b\ Correlation of Vital Capacity and Certain Measurements 

> A " Tables, Cassell and Company, London, New York, Toronto 

and Melbourne, 1920 

6 Drejer, G Lancet 1 197, 227, 1919 
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iiieasme of lelationship, also that theie is little difleience between 
1 elating the vital capacit}' to surface aiea and that i elating it to height 
alone In the weight lelation the gieatest amount of scattei is shown 
b)’’ the measmcments taken on the laigei subiects This we inteipiet 
to mean that the factois which make foi vai lability m weight aie opeia- 
tne to a gieatci extent in childien weighing moie than 40 kg 

The plot foi the height relation shows a faiily well giouped set 
of obseivation thioiighout the lange The method of relating the 
vital capacitv to smface area presents a close con elation m that pait 
compnsmg the smaller subjects, but, like the weight relation, show's 
dneigence as we appioach the highei vital capaeiU readings fiom 
laigei subjects This feature of the suiface area relation natuially 
follow's fiom relations pienouslv shown foi the height alone and foi 
the weight alone, since the method of deiuing suiface area contains 
an element of both factois 

In the light of these results, the method of relating the Mtal capacit} 
to a body height measurement seems indicated ns a geneial piactical 
procedure This does not imph' that the Mtal capacitv measurement 
m children is more closely con elated to bod) height than it is to suiface 
area as w'e haAe denved the lattci, but it is interpreted lathei to 
indicate that the inherent enois m the w'eight measurement, when 
deductions have to be made foi clothing, and the accumulative enois, 
w'hen surface area calculations are earned out fiom these measurements, 
more than offset the slight difference m absolute con elation wdnch 
the suiface area relation ma) contain 

In tuinmg now' to the pioblem of the closeness of coi relation of 
the vital capacity to the surface area it w'lll be impoitant to lemembei 
that oui subjects present a nonnal gioup fiom an oidmai) clinical 
standpoint Be}ond this it is impossible to speak w'lth exactitude in 
regard to then soundness, in fact, m the light of moie iccent w'oik, 
there is reason foi believing that a small peicentage of the gioup would 
re\eal abnoimal conditions w'lth more exact methods of diagnosis 
It IS of interest to note, therefore, that the standaid deviation of this 
senes, w'hich gives a measure of the variability m teims of the unit m 
w'hich the vanable is measured, i e , in liteis Mtal capacity pei square 
meter bod) surface area, is 0 272 foi tbe 360 cases To obtain a 
measure in relative teims of the vaiiabihty of different chaiactenstics 
measured, it is customaiy to express them as peicentages of then 

individual means This coefficient of vanation (C of V - ) 

mean 

m the present series is found to be 14 2 pei cent 

In vai lability, as measured in the absolute teims of the standaid 
deviation and m tbe denved relative tenn of the coefficient of vanation, 
OUI senes show's a value slightly gicatei m nivignitude than ceitam 
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other physiological measurements, such as the pulse rate and the heat 
production in adults," but it is less than that reported on such measure- 
ments as keenness of sight ® and heat production m infants 

The results of this brief comparison indicate that our series shows 
a satisfactor) agreement w ith the results of others on fairly comparable 
physiological measurements The agreement seems rather remarkable 
when one consideis the probable influence of age, sex, lace, the small 
percentage of cases not strictly normal, and the difterences m mental 
coopeiation m the test 



Distribution of subjects grouped according to surface area 
si/e (B) '\\erageMtal capacit> of each group in surface area size arrangement 


Fifal Capacity as Related to Body Si::e — In the course of these 
obser\ations on the vital capacity of children, as related to surface 
area, c\e hate been impiessed by the frequenc}'^ with -which lotv read- 
ings were obtained on small children, and similarl)'- a tendency for 
larger subiects to gice higher readings 

The sui face area measurement, containing as it does a height and 
weight element probably expresses moie exactly than any other body 
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measurement the body size i elation of gioups of subjects differing 
markedly in then individual propoitions On the basis of this concep- 
tion of bod} size, we have divided the whole range of om 360 cases into 
gioups of convenient units as regaids their surface area size Each 
subject was then assigned to the appiopriate gioiip with his vital 
capacity calculated on the basis of his suiface aiea The mean value 
for each gioup was then determined with a view of showing to what 
extent size mtioduces a vaiiable m a statistical aieiage for the whole 
series 

The lesults of this method of analysis aie very well bi ought out 
m Chait 4 The cuive at the bottom (A) shows the fiequency dis- 
tribution in teims of the gioup totals It exhibits a skew type of 
curve Avith the mode at about 1 sq m suiface area size This form 
of the curve merely signifies that, in selecting oui subjects fiom the 
ages of SIX to sixteen, inclusive, we have inadvertently obtained a pre- 
pondeiance of subjects in the lowei half of the range The upper cuive 
(B) of the mean vital capacity for each size group shows a distinctly 
upward tiend from the smaller to the largei sized subjects The 
slope of the curve suggests tliat, with a largei number of cases, it 
would give a straight line cutting appi oximately the point 1 74 at the 
lowei, and 2 IS at the highei lange This would give loughly a 25 2 
per cent range, which is probably statistically significant It indicates 
that ill the evaluation of an individual vital capacity measurement on 
the basis of surface area some account has to be taken of the actual 
size of the subject measuied before an accuiate estimate of the devia- 
tion from the normal can be made It follows, theiefoie, that a single 
mean value deiived from a laige group of widely differing sizes 
of children offers only an appioximation to the true mean of any 
individual class 

It IS of inteiest in this connection to consider the possible meaning 
of the type of curve presented by this method of giouping according to 
body size There is suggested the opeiation of at least three factois, 
either sepaiately oi in common First, the method of deriving surface 
area may contain an element of inaccuiacy with diminishing statuie, 
second, the method of measuiing the vital capacity may similaily 
introduce a constantly increasing error with smaller subjects , and 
third, the vital capacity in terms of its absolute relation to body size 
may undergo an increase in children as they approach maturity Thd 
data at hand afford no basis for determining the degree of operation 
of these different factors 

It IS pertinent to this discussion to note that m the giouping of 
the subjects according to the surface area size there is naturally a 
certain amount of segregation of age relations The subjects com- 
prised, for example, in the group from 0 7 to 0 79 sq m surface area, 
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are as a group younger than those included in the group from 1 20 to 
1 29 sq m An analysis of these group results will show, therefore, 
whether less variability goes with greater matunty and stature If 
we use as a measure of variability the coefficient of variation, it is 
evident from the accompanying table that the small young subjects 
do not give values significantly more variable than shown by the 
older and larger subjects 


The VARI^BILITY OF THE VlTAL CAPACITY MEASUREMENTS SHOWN BY DIFFERENT 
Groups Arranged According to Surface Area Size 


Group 

Ao of 
Cases 

MaMmum 

Minimum 

Percentage 

Range 

Mean 

Standard 

Deviation 

Coefficient 
of Variation 

0 7-0 79 

12 

2 97 

1 28 

618 

164 

0 233 

14 2 

OS-OS9 

49 

2 35 

137 

715 

184 

0 252 

13 9 

09-0 99 

72 

2 44 

1 42 

718 

1 90 

0 220 

116 

10-109 

79 

2 34 

1 33 

76 0 

1 89 I 

0 237 

12 5 

1 1-1 19 ! 

45 

2 3S 

133 

79 0 

1 92 

0 232 1 

12 1 

12-1 29 

34 

2 SO 

1 41 

63 0 

1 96 

0 234 

119 

1 3-1 39 

18 

310 

141 

120 0 

2 02 

0 260 

12 9 

1 4-1 49 

22 

2 36 

1 54 

53 0 

1 90 

0 203 

10 7 

1 & 1 59 

12 

323 

1 48 

118 0 

218 

0 350 

16 0 

1 C-1 59 

12 

2 88 1 

1 52 

89 5 

218 

0 500 

22 9 

1 7-1 79 

5 

2 77 

1 

1 57 

76 5 

2 09 

0 248 

119 


These results support the conclusion that the observations made 
on small young children are statistically as reliable as those obtained 
from the more mature subjects, moreover, they indicate that the lower 
mean values shown in the curve of Chart 4 for the subjects of small 
surface area size are probably not due to an eiroi inherent m the 
method, which is inversely related to size and age of the subjects 
measured 

SUMMARY 

The measurement of the vital capacity of children with certain 
tj'pes of spirometers has given results 10 per cent or more below 
that obtained on the same subjects with other instruments Moreover, 
the results obtained ivith those instruments giving low readings exhibit 
a greater degree of variability It is suggested that the low readings 
of a more fluctuating character are probably due to the use of a spiro- 
meter not sufficiently sensitive for the measurement of the vital capacity 
of children 

The vital capacity observations on 360 normal children, when related 
separately to the body measurements, height, weight and surface area, 
exhibit a correlation slightly to the advantage of the height relation 
It IS suggested that the height unit may be the most practical body 
measurement for the relating of the vital capacity of children, not 
that the absolute correlation is greater than the surface area unit, but 
rather that the chances for errors in the calculations are less and in 
practice will more than offset any fundamental difference there may 
be m fa\or of the surface area method 
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The absolute variability in this series, as shown by the standard 
deviation, is 0 272 liters per square meter surface area The coefficient 
of variation is shown to be 14 2 per cent, a value agreeing fairly 
well with that of other physiological variables of a comparable nature 

Based on the sui face area measurement as a criterion of body size, 
certain groupings have been made The mean vital capacity of each 
of these groups was obtained, and from these data it has been shown 
that the vital capacity, as related to a unit of surface area, exhibits 
giadually increasing values from the smaller to the larger-sized sub- 
jects This difference is estimated to be of the order of a 25 per cent 
lange for the size groups 

In terms of the coefficient of vaiiation, the groups comprising the 
smaller surface area size, which were likewise made up of younger 
subjects, do not exhibit greater variability than the groups of larger 
surface area size made up of older subjects It is aigued that the age 
factor does not make for greater vai lability in the measurement of the 
vital capacity of children 

CONCLUSIONS 

1 A spirometer that offers minimal resistance to the egress of 
tile air fiom the lungs is necessai}'’ for measuring the vital capacity 
of childien 

2 The correlation between vital capacity and body height is more 
intimate than that between vital capacity and surface area, or body 
weight 

3 The vital capacity values obtained fiom children show a degree of 
variability about equal to that exhibited b}'' other fairly comparable 
physiologic variables Young children give results that are not moie 
variable than those from older ones 

4 Children of small statuie exhibit a lower vital capacity per unit 
of surface area than those of laiger statuie 



STUDIES ON THE RESPIRATORY ORGANS IN 
HEALTH AND DISEASE 


VI THE SIGNinCANCE OE THE VITAL CAPACITY TEST IN 
PULMONARY TUBERCULOSIS, BRONCHIAL ASTHMA, 
PNEUMONIA AND AN ACUTE INFECTION 
OUTSIDE THE RESPIRATORY TRACT ^ 

J A MYERS, MD 

MINNEAPOLIS 

In the last decade, particularly the latter half of this decade, the 
vital capacit}'" test, together with certain measurements of the body 
fiom which physical fitness is ascertained, has rapidly been gaming m 
favor with physicians especially interested m diseases of the heart and 
lungs The present study of which this paper is only a preliminary 
leport represents an attempt to investigate carefully the value of the 
vital capacity test in diseases of the lungs 

Recently I reported ^ approximately 100 cases in all of which stereo- 
1 oentgenograms were made Later - I reported 230 cases Since tliese 
papers were prepared further data have been collected and compiled 
on cases of pulmonar)- tuberculosis, bronchial asthma, pneumonia and 
one acute infection outside the respiratory tract (paratyphoid fever) 

I PULMONARY TUBERCULOSIS 

The present report details the findings m 335 cases Unfortunately 
roentgenograms could be had in only 210 cases In all other cases 
the remaining necessary aids in diagnosis were employed and there was 
finally no doubt as to the diagnosis in any case 

Table 1 shows that on a basis of the roentgen-ray examination 
the cases were classed as follows I Suspected cases A Roentgen- 
ray examination negative II Tuberculous cases A Peribronchial 
tuberculosis, (1) unilateral, (2) bilateral B Parenchymatous tuber- 
culosis, (1) unilateral (a) disease confined above the first rib or an 
area of similar size, (&) disease extending below the first rib, but not 
involving more than one lobe, (c) involvement of more than one lobe, 

* From the Department of Internal Medicine, University of Minnesota, and 
the Tuberculosis Department of the Minneapolis General Hospital 

* Read in part before the ninth session of the Mississippi Valley Conference 
on Tuberculosis, Columbus, Ohio, Sept 12-14, 1921 

1 Mjers, J A IV A Comparison of Vital Capacity Readings and Roentgen- 
Raj Findings in Pulmonarj Tuberculosis, Tr National Tuberculosis Associa- 
tion Non York, Tune, 1921, A Re\ Tuberc 5, 1922 

2 kljcrs, J A V A Comparison of Vital Capacity Readings and Physical 
Signs m Pulmonarj Tuberculosis Minnesota Med 5 233 (April) 1922 
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(2) bilateral (a) disease confined above the first rib or an area of 
similar size on each side, (&) disease extending below the first nb 
on each side but not involving more than two lobes, (c) involvement 
of more than two lobes 

There are thiity suspected cases in which the roentgenograms showed 
no evidence of disease The mean vital capacity percentage for this 
group IS 102, while the range is between 82 and 122 per cent 

The group in which roentgenogi ams revealed unilateral peribronchial 
tuberculosis consists of thirty-one cases The average vital capacity 
for this group is 96 per cent and the range is from 81 to 121 per cent 
There are only eight cases of bilateral peribronchial tuberculosis in 
the group and their mean vital capacity percentage is 102, while the 
range is between 87 to 112 per cent 

Thirt 3 '--three cases showed unilateral parenchymatous tuberculosis 
above the first rib or a single area of similar size in some other part 

TABLE 1 — Classification of Cases on Basis or Roentgen-Ray Examination 


I Suspected cases 

A Roentecn ray ncgatl\c 

II Tuberculous eases 

A Peribronchial tuberculosis 

1 Unilateral 

2 Bilateral 

B Parenchymatous tuberculosis 

1 Unilateral 

(a) Above first rib 

(b) No more than one lobe in\ol\cd 

(c) More than one lobe Inaohcd 

2 Bilateral 

(a) Aboae first rib 

(b) No more than two lobcc invohcd 

(c) More than tvo lobes involved 

of the lung The average vital capacity for this group is 96 per cent , 
but the range is between 74 and 119 per cent There is a group of 
twenty-three cases with more extensive disease than the last group 
mentioned but in no case does the involvement extend over more than 
one lobe This group shows an average vital capacity of 87 per cent 
with a range of from 31 to 122 per cent There are only fifteen cases 
in the group in which the roentgenograms show unilateral disease 
involving more than one lobe The average vital capacity for this 
group IS 65 per cent , while the range is from 38 to 106 per cent 

The group of fifteen cases in which the roentgenograms show dis- 
ease limited to that part of each lung above the first rib or an area 
of similar size on each side presented an average vital capacity of 
86 per cent with a range of from 51 to 108 per cent In the next 
group, which consists of thirty cases with involvement limited to one 
lobe on each side, the average vital capacity is 73 per cent , while the 
range is from 43 to 119 per cent It is not surprising to find that 


>*umbcr Vital Onpadtj j?crccntnge 
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the last group, consisting of twenty-five cases with disease involving 
more than two lobes, presents the lowest vital capacity percentage 
The aveiage for this group is 54 per cent , while the range is from 
26 to 82 per cent 

On the basis of the physical examination, the patients were grouped 
as follows I Suspected cases (a), no physical signs, (b) physical signs 
indefinite (diagnosis reserved) II Definitely tuberculous cases, (a) 
minimal disease, (b) moderately advanced disease, (c) far advanced 



disease Ogne cuives (Fig 1) were made in order to facilitate in 
the Msuahzation and analysis of the data in each group of cases 
From these curves it will be seen that the range of vital capacity 
percentage is indicated in each group For example, along the curve 
representing the far ad\anced cases we see within the from 20 to 30 
per cent Mtal capacity percentage line a small circle This circle lies 
at a height representing approximately 4 per cent of the cases studied 
This means that approximately 4 per cent of the far advanced cases 
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had vital capacities as low as 20 per cent of the normal If we 
pass upward along the curve we find another circle lying within the 
from 30 to 40 per cent vital capacity percentage line and within the 
horizontal line representing 30 per cent of the cases Here we have 
added together all the cases with a vital capacity below 30 per cent 
of the noimal and it is obvious from the curve that approximately 30 
per cent of the far advanced cases have such reduced vital capacities 
Such information may be obtained, all along the curve The last circle 
at the upper end of the curve lies within the vertical line representing 
the from 80 to 90 per cent vital capacity group This circle also lies 
within the horizontal line representing 100 per cent of the cases It 
IS, therefore, obvious that all of the far advanced cases have vital 
capacities below 90 per cent of the normal 

From the use of these curves similar information may be obtained 
regarding the percentage of vital capacity in the moderately advanced, 
minimal, reserved and negative cases One may ascertain quickly the 
vital capacity percentage of any given percentage of cases m all the 

TABLE 2— Vital Capacity in Cases of Thickened Pleura, Cavitation 

AND PnEUMOTIIOR \\ 


Cases uith tlucLcncd pleura revealed bv roentgen- 
ray examination 

Oases witb cax ities revealed by roentgen nj exami- 
nation 

Cases With pneumothorax 


dumber 

of 

Coses 

Vital Cnpncitj PciccDtagc 

A 

f 

Ax ernge 

Loacst 

Highest 

12 

78 

30 

115 

30 

Cl 

31 

109 

9 

49 

33 

58 


groups If, for example, a horizontal line (a) is drawn representing 
50 per cent of the cases through all the cuives it is seen that 50 per 
cent of the far advanced cases have a vital capacity fiom 40 to 50 
per cent of the normal, while the lemammg 50 per cent have a higher 
vital capacity percentage This horizontal line intei sects the curve 
representing the moderately advanced cases slightly beyond the vertical 
line representing from 60 to 70 per cent vital capacity, therefore, 
approximately 50 per cent of the modeiately advanced cases have vital 
capacities within or below from 60 to 70 per cent of the normal 
Further observation will show that approximately 50 per cent of the 
minimal, negative and reserved cases have vital capacities within or 
below from 80 to 90, from 90 to 100 and from 100 to 110 per cent of 
the normal, respectively 

In Table 2 the cases with thickened pleuia revealed by roentgen-ray 
examination, cavitation revealed by roentgen-ray examination and 
pneumothorax (spontaneous and artificial) are grouped separately 
There are only twelve cases in the gioup in which the roentgen 
ray revealed thickened pleura Some of these cases have insignificant 
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pulmonary lesions Avlule others have far advanced lesions of tuber- 
culosis The average vital capacity foi the series is 78 per cent , while 
the range is fiom 30 to 115 per cent It is interesting to note that 
in some cases with vtry slight pulmonary involvement the vital capacity 
IS not at all or very slightly reduced There aie thirty cases in the 
group m which the roentgen-ray examination revealed pulmonary 
cavities Foi this group the average vital capacity percentage is 64 
while the lange is from 31 to 109 per cent The nine cases with 
pneumothoiax show about what one might expect, that is, a reduction in 
vital capacity of approximately 50 per cent The actual average for this 
group IS 49 per cent , while the range is from 32 to 58 per cent 

The tables and curves show that those patients whose roentgeno- 
grams do not reveal disease have an average vital capacity of approxi- 
mately 100 pel cent There are a lew cases m this group with vital 
capacities slightly below normal In most cases of this kind the reduc- 
tion can be accounted for on the basis of such factors as age and 
obesity There are several cases m this group with an overdeveloped 
vital capacity due to previous special training, hence their vital capaci- 
ties are above 100 per cent 

The cases with peribi onchial tuberculosis were found to have an 
average vital capacity which very nearly approaches 100 per cent This 
aieiage and the range of vital capacity does not differ much from 
the cases in which the roentgen ray did not reveal disease It is 
interesting to note that those cases with bilateral peribronchial tubercu- 
losis have an average vital capacity percentage which is higher than 
that of those cases with unilateral peribronchial tuberculosis 

In the thirty-three cases with parenchymatous lesions above the 
first rib on one side, the average vital capacity percentage is well within 
the normal limits The low limit of the range in this group, however, 
IS as low as 74 pei cent of the normal From this small number of 
observations it appears that tuberculous lesions (although very small) 
of clinical significance reduce the vital capacit5r On the other hand, 
there are several cases m this group with vital capacities above 100 per 
cent It should be stated that in a few of these cases the roentgen-ray 
examination levealed only small areas of calcification or fibrosis For 
example, m one case a fluoroscopic examination revealed a dark area 
about the swe of a walnut m the region of one of the basal lobes 
The examining physician being willing to make a diagnosis of early 
tuberculosis \\ ithout the aid of stereoscopic plates and without a careful 
stud} of the symptoms sent this patient to a sanatorium for treatment 
After admission to the sanatorium stereoscopic plates revealed evidence 
of a small area of calcification in one basal lobe The remainder of 
both lungs Mas clear This patient did not have one of the cardinal 
<^}mptom‘^ of tuberculosis and presented a vital capacity of 100 per cent 
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Aiiothei patient whose stereoscopic plates now show evidence of a 
definite tubeiculoiis infiltration was heated in a sanatoiium three years 
ago He has been woiking foi the past two yeais and now, m spite of 
the loentgen-iay findings, has a vital capacity of more than 100 pei cent. 

In the gioup (Table 1) with more extensive unilateial disease, the 
aveiage vital capacity peicentage deci eases, howevei, even in those 
cases with involvement of moie than one lobe there is an occasional 
case with a vital capacity of 100 per cent or moie 

In the gioiip of cases with bilateral disease there aie fifteen with 
disease only above the first iibs As might be expected, the aveiage 
vital capacity percentage of this gioup is somewhat highei than in the 
group of unilateial cases with involvement of moie than one lobe. Here, 
too, theie are cases with only calcified or fibrous tubeiculous processes 
hunted to the extreme apices Attention should be called to the fact, 
however, that while a few cases m this group have vital capacity per- 
centages within normal hunts, theie are otheis with moie severe disease 
with a vital capacity as low as 51 pei cent of the noimal 

In the lemainmg gioups of cases with bilateial disease the aveiage 
vital capacity peicentage decreases as the extent of involvement revealed 
by the loentgen-ray inci eases 

More than 100 ex-seivice men are included m this study It is 
interesting to note that many of these men are included in the gioups 
showing (a) signs of minimal disease, (b) indefinite signs, and (c) no 
signs of disease In a considerable number of cases the roentgen ray 
revealed evidence of slight pai enchymatous disease above the fiist iib 
on one or both sides, peiibronchial tubeiculosis, oi no evidence of 
disease In view of these facts, the ex-seivice men show a lathei high 
aveiage vital capacity percentage In civil life patients often come late 
foi diagnosis possibly because of the physician’s fee, oi many have 
dependents to support and do not give up woik until forced to do so by 
model ately or fai advanced disease In the case of ex-service men the 
government provides for ti ansportation, fiee examination, fiee obsei- 
vation and treatment, and compensation in cases of active disease 
tiaceable to seivice Undei these conditions veiy few men have a fear 
of a diagnosis of tuberculosis, and, in fact, a few desire it This condi- 
tion IS making possible the diagnosis of many eaily cases of pulmonary 
tuberculosis On the other hand, some cases of slight and insignificant 
lesions of long standing are being diagnosed and placed in hospitals for 
treatment and recommended for compensation 

We have seen that a considerable number 'of cases with signs of 
minimal and model ately advanced disease, many of whom aie con- 
fiimed by steieoioentgenogiams, show a vital capacity percentage within 
noimal limits This fact may be explained in one or all of the following 
thiee ways (1) We know that some of these patients had over- 
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developed vital capacities, and although they are now reduced con- 
sideiably they still have capacities which appear to be within normal 
limits (2) A few of the patients have tuberculous lesions which are 
^ ery definite, although at present they are clinically insignificant The 
percentage of cases which fall into this class will be ascertained only 
thiough further observation over a considerably longer period of time 
(3) There is some evidence to suggest that the normal standards now 
emplo}ed aie not quite applicable foi the people of all parts of the 
United States Dreyer’s work^ was earned out in England and the 
noimal standards derived from hts foimulas are mostly commonly used 
today Dreyer suggests, however, that the normal standards be ascer- 
tained for the people of various countries Heise ^ in reporting the 
vital capacity findings on sixty-five patients in the Trudeau Sanatorium 
remarked that the test was not of great value to him as many patients 
had vital capacities within normal limits Many of my vital capacity 
percentages also have seemed too high From the present evidence it 
would appear that the people of the United States, particularly of the 
Middle West, have a greater vital capacity than the people of England 
I have already ^ undertaken to throw some light on this subject, not 
by the use of mathematical formulas alone, but by actual observations 
made on several thousand individuals in various occupations Observa- 
tions have alieady been made on several hundred persons and the 
accumulation, compilation and analysis of these data are proving to be 
a tremendous task, the completion of which will require a long period 
of time 


SUMMARY 

1 Vital capacity readings were taken in 335 cases suspected of 
haMUg pulmonaiy tuberculosis Stereoscopic plates were made in 
210 cases 

2 In thirty cases m which stereoroentgenograms showed no evi- 
dence of disease the mean vital capacity was 102 per cent of the normal, 
while the range Yas between 82 and 122 per cent of the normal 


3 Drejer, G Investigations on the Normal Vital Capacity in Man and 
Its Relation to the Size of the Body, Lancet 2 227 (Aug 9) 1919 Dreyer, G 
and Burrell, L S T The Vital Capacity Constants Applied to the Study of 
Pulmonarj’ Tuberculosis, Lancet 1 1215 (June 5) 1920 Dreyer, G The Assess- 
ment of Phjsical Fitness bj Correlation of Vital Capacity and Certain 
kicasurements of the Body Paul B Hoeber, New York City, 1921 

4 Hcisc, F H Tr National Tuberculosis Association, 1921, p 140 

5 Aljers, J A Studies on the Respiratory Organs in Health and Disease 
II A Stud\ of the Vital Capacitj and Physical Fitness of Nurses, with Tables 
ShoiMng Calculated Vital Capacities for Normal Men and Women and a 
Method for Quicklj Obtaining an Expression of an Individual’s Physical Fit- 
ness, Journal-Lancet 41 252 (May 1) 1921 III The Value of Vital Capacity 
Readings in Clinical kledicine, Minnesota kled 4 635 (Nov ) 1921 
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3 The stereoroentgeiiograms showed peribronchial tuberculosis in 
thirty-nine cases The average vital capacity of these cases was 97 per 
cent and the lange was fiom 81 to 121 per cent of the normal 

4 There were seventy-one cases with unilateral and seventy cases 
with bilateral parenchymatous tuberculosis revealed by the stereo- 
roentgenogi ams These cases were grouped according to the extent of 
disease levealed Among these groups the vital capacity percentages 
weie usually found to decrease as the extent of the disease increased 

5 On the basis of the physical examination, sixty-two cases showed 
no evidence of pulmonary tubeiculosis Ten per cent of these cases 
had a vital capacity between 80 and 90 per cent of the normal while 
the remaindei weie all well within the noimal limits 

6 Thei e were twenty-eight cases in which physical signs caused the 
diagnosis to be reserved Approximately 4 per cent of these patients 
had vital capacities between 70 and 80 pei cent of the noimal, and 
approximately 3 per cent more had vital capacities between 80 and 
90 per cent of the normal The remainder of these were within noimal 
limits 

7 There were signs of minimal tuberculosis m seventy-two cases, 
moderately advanced tuberculosis in 100 cases, and far advanced tuber- 
culosis in seventy-three cases In the majoiity of cases the vital capacity 
was found to be decreased m proportion to the extent of involvement 
revealed by the physical signs 

8 Pulmonary cavities were levealed by the loentgen ray in thirty 
cases The mean vital capacity for this group was found to be 64 per 
cent , while the range was between 31 and 109 per cent of the normal 

9 Nine cases had spontaneous or artificial pneumothorax The 
mean vital capacity of this group was 49 pei cent while the range 
was between 32 and 58 pei cent of the normal 

2 BRONCHIAL ASTHMA 

Staehehn and Schutze,® Plesch,^ Peabody and Wentworth,® and 
others, have reported vital capacity findings in patients suffering from 
asthma In some cases the vital capacity was considerably decreased 
while m others it was normal 

In this study observations were made on twenty persons suffering 
from bronchial asthma Readings were taken during and at various 

6 Staehelin, R , and Schutze, A Spirographische Untersuchungen an 
Gesunden, Emphsematikern und Asthmatikern, Ztschr f klm Med 75 15, 1912 

7'PIescli, J Die pathologische Physiologic des Lungenvolumens und 
seine Beziehung zum Kreislauf, Ztschr f Exper Path u Therap 13 165, 1913 

8 Peabody, F W , Wentworth, T A, and Barker, B I Clinical Studies on 
Respiration, Arch Int Med 20 433, 443, 468 (Sept) 1917 McClure, C W, 
and Peabody, F W J A At A 69 1954 (Dec 8) 1917 
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intervals between acute attacks During acute attacks the vital capacity 
was found to be tremendously reduced, in some cases being as low 
as from 18 to 20 per cent of the normal With the disappearance of 
the attack, however, the vital capacity quickly returned to normal 
limits unless there existed some complication or other cause for a 
reduction Different methods of treatment were employed, for example, 
some patients were given vaccines, others were given expectorants and 
in still others dietetic treatment was ordered In most cases the vital 
capacity lemained normal as long as the chest was kept free from 
rales There were four cases in rvhich asthma had extended over a 
period of many years In none of these cases did the vital capacity 
return to normal limits after the disappearance of the asthmatic attacks 
In each case the physical and roentgen-ray examinations revealed 
definite evidence of emphysema which was apparently sufficient to 
account for the reduced capacity Three patients were beyond the age 
of 50 None of these quite returned to normal after the subsidence of 
their acute attacks Since vital capacity decreases after the age of 
40 or 50, the slight permanent reduction in these three cases was 
explainable on the age basis The remaining cases showed vital capaci- 
ties well within normal limits soon after the acute attacks had subsided 

SUMMARY 

1 ^^Ital capacity readings were taken in twenty cases of bronchial 
asthma 

2 The vital capacity was greatly reduced during acute attacks In 
some cases it was reduced to from 18 to 20 per cent of the normal 

3 After acute attacks subsided the vital capacity returned to normal 
in all cases except four with emphysema and three beyond the age of 50 

3 PNEUMONIA 

In five convalescent cases of pneumonia Peabody and Wentworth ® 
found the wtal capacity to be between 71 and 114 per cent of the 
noinial In only one of these cases, however, was there evidence of 
pulmonary involvement when the readings were taken The authors 
call attention to the fact that in the cases which were below normal 
one must take into consideration the general weakness persisting after 
an acute infection They also call attention to the difficulty experienced 
m taking lung capacity readings in cases suffering from pleurisy 

In the present work an attempt was made to stud)'^ the lung capacity 
throughout the course of the disease, and, finally, to make a correla- 
tion of the patient’s temperature, pulse, respiration and vital capacity 
at different stages Obsen^ations were made on twenty patients The 
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measurements and readings were taken in the usual manner, and the 
vital capacity percentages were calculated as previously described ° In 
a few of the cases the crisis occurred about the time the patients were 
admitted to the hospital or before observations weie begun In these 



Fig 2 — Temperature, pulse, respiration, and vital capacity curves in the 
case of a man, aged 58 (colored), suffering from lobar pneumonia involving 
the left lower lobe Left hospital on the twelfth day with the vital capacity 70 
per cent of the normal 


cases, therefore, the study could be carried out only during con- 
valescence In a few other cases it was possible to begin the observa- 
tions before any physical signs of pneumonia could be elicited There 
was an occasional case omitted in which it was impossible to get accurate 
readings on account of severe pleurisy 
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The curves (Figs 2 to 7) show the temperature, pulse, and respira- 
tion for each day and the vital capacity readings on days when it was 
advisable to take such readings In the last column of each chart 
IS indicated the theoretical normal vital capacity for the given case At 
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F'S 3 Temperature, pulse, respiration and vital capacity curves in the 
case of a man, aged 44, suffering from broncho-pneumonia with areas of involve- 
ment in both lov er lobes Left hospital on twelfth day with the vital capacity 
79 per cent of the normal 

the top of certain columns representing vital capacity is placed the 
vital capacity percentage of the patient for that day 

In observ ing the curv’es it is interesting to note that the vital capacity 
IS very low from the beginning, in fact it is reduced to 50 per cent or 
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less in most cases This marked reduction of vital capacity from the 
beginning of a case of pneumonia is almost diagnostic I have been 
able to go thiough good sized waids wheie the patients were suffering 
from acute disease (othei than pneumonia) of the respiiatory and 
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Fig 4 — Temperature, pulse, respiration and vital capacity curves in the 
case of a man, aged 42, suffering from lobar pneumonia involving the right lower 
lobe Left hospital on the seventeenth day with the vital capacity approximately 
93 per cent of the normal 


other organs, calculate vital capacity peicentages of the patients and 
select all the cases on whom physical examination later proved develop- 
ing pneumonia It will also be observed from the curves that the lowest 
vital capacity is usually reached on or near the day of the crisis From 
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this time on, if the patient recovers, the vital capacity gradually 
increases throughout convalescence In one case of unresolved pneu- 
monia, however (Fig 7), the vital capacitj^ remained almost stationary 
for a period of ten days following the crisis In another case in which 


Tempi 104” 

Pulas 
140 I0£' 

130 101 



1st 2nd 3rd 4lh 5th 6lh 7th 6lh9lhday 

Fig 5 — Temperature, pulse, respiration and vital capacity curves in the 
case of a man, aged 47, suffering from broncho-pneumonia with small areas of 
mvoh ement m all lobes of both lungs Exodus occurred on the ninth day On 
the eighth day of the vital capacity was 27 per cent of the normal 


tubercle bacilli appeared in the sputum during convalescence the vital 
capacity remained almost unchanged over a long period of time 

In the cases of pneumonia observed, the extent of involvement of 
lung tissue apparently made very little difterence in the reduction of 
vital capacitv, as cases in which physical and roentgen-ray examination 
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revealed disease limited to a single lobe or a part of one lobe showed a 
vital capacity as low as was present in cases with much more extensive 
involvement 

In minimal pulmonary tuberculosis, Garvin, Lundsgaard and Van 



Slyke ° have shown that the i eduction in vital capacity is due to 
increased residual air, while m the moderately advanced and fai 
advanced stages the reduction is due to a decreased total capacity 

9 Garvin, A, Lundsgaard, C, and Van Slyke, D Studies of Lung Volume 
II Tuberculous Men, J Exper M 27 87 (Jan ) 1918 III Tuberculous Women 
J Exper M 27 129 (Jan ) 1918 ’ 
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No attempt was made to ascertain the cause of the reduced vital 
capacity m pneumonia !Means and Barach call attention to the fact 
that m pneumonia the extent of the pulmonary consolidation bears no 
constant relationship to the intensity of the dyspnea As mentioned 
above, this is also true as regards vital capacity Means and Barach 
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F'S 1 — Temperature, pulse, respiration and vital capacity curves in the case 
of a man, aged 23, suffering from lobar pneumonia involving the entire right 
lung and the upper lobe of the left lung The lowest vital capacity recorded 
was 17 per cent of the normal which occurred on the fifth and sixth days This 
IS a case with delajed resolution Patient left hospital on the twenty-fourtli 
daj w ith a i ital capaciti of 52 per cent of the normal 


further point out that d} spnea may cease when the crisis is past with no 
alteration in the anatomic process in the lungs This does not hold 

10 Means, T H , and Barach, A L The Symptomatic Treatment of Pneu- 
monia, J A M A 77 1217 (Oct 15) 1921 
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true for vital capacity Figures 2 to 7 show that the vital capacity is 
increased almost immediately after the crisis, but does not return to 
normal for many days 

SUMMARY 

1 Observations were made on twenty patients suffering from 
pneumonia 

2 The lowest vital capacity taken was 17 per cent of the normal 
This occurred in one case on the fifth and sixth days of the disease 
The highest reading taken was 93 per cent of the normal This 

, occurred in another case on the day of discharge from the hospital 

3 Theie was \ery little relation between the extent of involvement 
of lung tissue and the reduction of vital capacity 

4 There is probably no other acute disease of the respiratory tract 
which so reduces the vital capacity from the beginning as pneumonia 
Therefoie, the vital capacity test is a valuable aid in early diagnosis 

5 During the period of convalescence the vital capacity test offers 
much mfoimation as regards the dealing up of the lesion An 
unresolved condition or a complication is indicated by a failure of the 
vital capacity giadually to increase 

6 The vital capacity is of gieat value in guiding the patient’s 
activities Ordinanly patients are dischaiged from hospitals and allowed 
to become quite active before then vital capacities have reached a height 
consistent with such activity Eveiy patient should remain leasonably 
inactive in the hospital or the home until the vital capacity has reached 
at least 90 per cent of the normal 

4 PARATYPHOID FEVER 

Peabody and Wentworth ® suggested that the reduced vital capacity 
which IS present in patients convalescing from pneumonia may occur in 
any seveie acute infection Owing to the fact that my observations 
showed that reduction of vital capacity m pneumonia is not always 
consistent with the extent of involvement of lung tissue, it was again 
suggested by several physicians that the high fever and weakness result- 
ing from the toxic condition were responsible for the greater part of 
the reduction m vital capacity 

Peabody and Sturgis studied the effect of general weakness and 
fatigue on vital capacity Most of their patients used in the general 
weakness senes were suffering from pernicious anemia, however, one 

11 Peabody, F W , and Sturgis, C C Clinical Studies of the Respiration 
VIII The Effect of General Weakness and Fatigue on the Vital Capacity of 
the Lungs, Arch Int Med 28 501 (Nov ) 1921 
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patient had typhoid fever In none of these cases without heart or 
lung disease was the vital capacity i educed more than 26 per cent 
below the normal In another series of cases an attempt was made to 
fatigue the muscles of respiration by taking the vital capacity every 
15 seconds for 10 minutes Contrary to what one might expect, the 
vital capacity was as great at the end of this experiment as at the 

TABLE 3 — Vital Capacit\ or Paratyphoid Fevlr Patients 
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beginning The authors therefore conclude “that general muscular 
weakness and fatigue of the muscles of respiration are not important 
tactors in causing the reduction of the vital capacity of the lungs m 
heart disease ’ ^ ^ & 

In March and April, 1921, an epidemic of paratyphoid fever 
occuircd at the Unnersity of Minnesota which offered an excellent 
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opportunity to make a study of vital capacity in an acute disease outside 
the respiratory tract About sixty cases were placed m the student 
hospital and it was through the kindness of Professor John Sundwall, 
director of the Student Health Service, that I was permitted to make 
observations on these cases In all cases one reading, and in some 
cases two readings, were taken The observations were made while 
the fever was present or soon after it had subsided The vital capacity 
readings were taken with the patients in the leclmmg position, while the 
temperature was elevated, and in the sitting posture after the fever had 
subsided In most of these cases the vital capacity leadings taken at 
the time the students entered the University of Minnesota were on 
record in the Depaitment of Physical Education Inasmuch as some 
of the students had taken consideiable athletic tiaming since their 
admission to the university their vital capacities had been somewhat 
increased In all cases the vital capacity peicentage calculations were 
based on the theoretical vital capacity or the actual vital capacity 
observed at the time of admission to the uni\ ersity 

Table 3 shows the date of hospital admission and discharge, the 
temperature, pulse and respiiatory lange while in the hospital, the 
duration of fever and the percentage of vital capacity with the tempera- 
ture, pulse and respiration of each patient at the time the vital capacity 
readings were taken In this table the patients aie ai ranged in the 
order of their vital capacity peicentages, beginning with the lowest 
Forty-one readings were taken on the thiity-two patients lepiesented m 
this table Of these forty-one leadings only twelve showed a vital 
capacity below 90 per cent , the lemaining twenty-nine ranged from 
90 to 131 per cent 

There were nine cases in which second readings were taken Five 
of these shoived a vital capacity below 90 per cent on the first exami- 
nation, but on the second examination the vital capacity had increased 
to 90 per cent or more In this series of nine cases there was only 
one case m which the vital capacity had not increased at the time the 
second observation was made 

The lowest vital capacity of the entiie series was 64 3 per cent 
It is interesting to note that before the vital capacity leading was taken 
this patient developed a rather severe pleurisy which apparently 
accounted, in part, for the low physical fitness percentage 

In Case 2 the vital capacity percentage was only 65 4 at the time of 
the first reading About twenty-four hours later, the internist, with no 
knowledge of the results of the vital capacity test, recorded the presence 
of a slight cardiac disturbance believed to be due to toxemia All 
signs of this disturbance disappeared in a few days and about two 
weeks from the time of the first reading the vital capacity was found to 
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be 104 per cent It will be recalled that Peabody and Wentworth ® and 
Nathanson and Ulrich and others have reported marked reduction 
in vital capacity due to true cardiac lesions 

At the outbreak of this epidemic all cases with similar symptoms 
were placed in the same wards The vital capacity test was taken in 
most cases before a diagnosis was recorded Three cases were found in 
which the vital capacity was reduced 50 per cent or more It is 
interesting to note that each of these patients was developing pneu- 
monia, which later was revealed by physical examination 

In the remaining seven cases in which the vital capacity was reduced 
to below 90 pel cent of the normal, I have no explanation for the 
reduction unless it is due to toxemia Unfortunately, however, these 
patients were not sent to the depaitment of roentgenology nor were 
electrocardiographic studies made to find evidence of the presence or 
absence of deeply seated pulmonary lesions or the existence of heart 
lesions otherwise undiscoveied 

Inasmuch as some of these cases at no time showed severe toxic 
manifestations, one hardly seems justified m trying to account for the 
reduction in lung capacity on the basis of toxemia 

It IS interesting to note that in some of the remaining cases in 
which vital capacities were found to be within normal limits, the 
temperatui e ranged as high as 105 F, and the pulse ranged as high as 
140 per minute 

SUMMARY 

1 Observations were made on sixty patients suffering from para- 
typhoid fever 

2 Fifteen per cent of these cases had vital capacities below normal 
limits In more than 50 per cent of these cases with reduced vital 
capacities. how'e\er, the reduction was explained on the basis of such 
complications as pleuiis}' or lung involvement 

3 In 85 per cent of the cases the vital capacity w^as wmthin normal 
limits 

4 In this study the \ital capacity test w^as found to be valuable in 
suggesting beginning complications such as pleurisy and pneumonia 

12 Nathanson, M H and Ulnch, H L The Vital Capacity of the Lungs 
in Cardiac Disease, Minnesota Med 4 721 (Dec ) 1921 

13 Arnold, F Ueher die Atmungsgrosse des Menschen, Heidelberg, 1855 
Hutchinson, John On the Capacity of the Lungs and on the Respirator}' Func- 
tions ^\lth a Vie\\ of Establishing a Precise and Easy Method of Detecting 
Diseases bj the Spirometer, Med Chir Tr 29 1846 West, H F Clinical 
Studies on Respiration, VI A Comparison of the Various Standards for the 
Normal Vital Capacitj of the Lungs, Arch Int Aled 25 306 (March) 1920 
Wittich F W, Mjers, J \ and Jennings F L A Study of the Effect of 
Pulmonar^ Tuberculosis on Vital Capacity, J A M A 75 1249 (Nov 6) 1920 
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LOS ANGELES 
INTRODUCTION 

Weed and McKibben ^ demonstrated that the intravenous admin- 
istration of hypertonic salt solution to animals was attended by a 
decrease in the size of the brain and a fall in cerebrospinal pressure 
These results were soon applied to patients by Cushing and Foley, ^ 
Sachs and Belcher ® and othei s ^ The usual intravenous dose was 100 
cc 15 per cent sodium chlorid solution (in some instances 30 per 
cent ) As a lesult of these injections cerebral heiniae often dis- 
appeared or were much diminished, the swollen brain decreased in 
size so that operations on it could be performed more easily, and the 
elevated ceiebrospinal pressure of patients with brain tumor was usually 
reduced piomptly The eftects were, m general, so satisfactoiT that 
the adoption of intiavenous hypertonic salt solution as a valuable 
theiapeutic measure appeared likely With these facts in mind, it 
seemed to us desirable to ascertain what alterations took place in the 
blood as a result of its use, and especially the degree and significance 
of these alterations The various factois investigated were the blood 
volume, blood chlorids, the i elation between blood volume and blood 
chlorids, the eftects produced on the red corpuscles and hemoglobin, 
and the ox3'’gen and carbon dioxid content of venous blood We regret 
that a greater series was not obtained for each factoi, but this would 

^ Medjcal Clinic of the Massachusetts General Hospital 

This studs’- IS No 28 of a series of studies on the physiology and pathology 
of the blood from the Harvard Medical School and allied hospital, a part of 
the e-^pense of sshich has been defra 3 'ed bj' a grant from the Proctor Fund of 
Hanard Medical School for the Studj'- of Chronic Diseases 
1 Meed L H and IMcKibben PS Am J Physiol 48 512 1919 
19^ F E Proc Soc Exper Biol & Med 17 217, 

/ ftelcher G \V J A M A 75 667 (Sept 4) 1920 

4 Lobb, S and A.ser, J B At the Massachusetts General Hospital Per- 
sonal communication 
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have necessitated the withdrawal of an inconveniently large amount of 
blood Since the piocedure was relatively new and untried, it was 
undertaken only in the case of patients whose condition definitely 
indicated its use, a fact which further limited the senes obtained 
The intravenous human dosage was 100 cc of 15 per cent sodium 
chlorid solution The animals received a coi responding or relatively 
larger dose Hypei tonic salt solution was administered intravenously 
to seven patients, by mouth to one patient and one normal person and 
intravenously and by mouth to eight rabbits 

. HISTORICAL 

Blood hydremia has been observed m animals following the intra- 
venous administration of hypertonic solutions by Brasol,® Kilkowitz,® 
Magnus'^ and others Magnus demonstrated the hydiemia following 
hypertonic salt solution by i eduction in the hemoglobin percentage, the 
specific gravity and diied ash of the blood No measurements of the 
absolute changes in plasma volume aftei hypertonic salt administration 
have been encountered Othei effects observed in animals have been 
a prompt diuresis, a depression of the fieezmg point of the serum, a 
hyperglycemia and glycosuria,® and occasional fever ® Magnus found 
that the increase m chlorids in the blood aftei the injection was appar- 
ently less than the chlorids introduced 

Hypei tonic salt solution was fiist administered intravenously to 
patients by Velden in 1909 Beginning with 5 c c of a 10 per cent 
solution, he gradually increased the dose to 100 c c Ble discovered 
that a striking acceleration of the coagulation time of the blood took 
place, and used it with good lesults in cases of hemoirhage^^ The 
diminished coagulation time after hypertonic sodium chloiid solution 
has been confiimed and has been shown to occur after the intravenous 
admimstration of othei hypertonic salt solutions, as calcium chlorid 
and sodium citrate It also occurs after the oral administration of 
sodium chlorid It has been supposed that some coagulation furthering 
substance present in tissue juice is drawn into the blood along with the 

5 Brasol, L Arch f Anat u Physiol S 210, 1884 

6 Kilkowitz, S Arch f Anat u Physiol S 518, 1886 

7 Magnus, R Arch f Exper Path 44 68, 1900 

8 Hirsch, E Ztschr f physiol Chem 94 227, 1915 

9 Roily, F , and Christjanson, A Arch f exper Path u Pharmakol 77 
34, 1914 

10 Van der Velden, R Deutsch med Wchnschr 35 197, 1909 

1919^ Velden, R Zentralbl f Herz u Gefasskrankh 11 61 (March) 

12 Schenk, P Ztschr f d ges exper Med 11 166, 1920 

13 Blumel Med Klin, 1910 

14 Neuhof, H , and Hirshfeld, S New York M J 133 95 (Jan 15) 1921 
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tissue fluid In man a hypoglycemia without glycosuria has been 
observed after the injection, in contrast to the hyperglycemia found 
m rabbits 

It has recently been reported that the administration of hypertonic 
solutions produces a general inhibition of glandular secretions, including 
sputum, sweat, gastric juice, milk, bile and the thyroid secretion’-® 
For these effects 50 per cent dextrose solution was generally used m 
preference to hypertonic salt solution The clinical results may be 
mentioned briefly Night sweats have been diminished, gastric hyper- 
acidity has been controlled, with relief of symptoms, and profuse 
expectoration associated with suppurative bronchitis, asthma, tuber- 
culosis or pulmonary edema generally has been much decreased after 
the employment of these hypertonic solutions Profuse choleraic 
diarrhea and severe toxic dysenteries have been suppressed in like 
manner In fourteen out of fifteen cases of hyperthyroidism and pro- 
nounced exophthalmic goiter, Stejskal observed distinct dinunution 
in the size of the thyroid after the injection of hypertonic solutions, 
with marked improvement in the symptoms and signs of the disease 
Two of his patients continued to work two and three months, respec- 
tively, after treatment without evidence of symptoms The glandular 
inhibition presumably arises because the tissue lavage into the blood 
diminishes the supply of fluid to the glands It has been claimed also 
that there is an accelerated absorption of drugs introduced into the 
body, as sodium lodid by mouth, cocam applied to the mucous surfaces, 
and arsphenamin intravenously 

Wynn tried the effect of hypertonic salt in the treatment of 
neurosyphilis, since it has been shown that with the fall m cerebro- 
spinal pressure a considerable amount of subarachnoid fluid entered 
the substance of the central nervous system He gave 200 c c of 15 
per cent sodium chloiid solution intravenously m the hour following 
intraspinal injection, but found no serologic or cytologic improvement 
ovei the usual course of intraspinal treatment Corbus and his 
co-workers used hypertonic salt as a method of spinal drainage, having 
shown that six hours after the injection there was a reabsorption of 
serum from the blood stream into the cerebrospinal fluid which carried 
the arsphenamin introduced intravenously into the spinal canal 

Burger and Hageman lecommend 50 per cent sugar solution 
(grape sugar) m doses of 1 gm dextrose per kilo body weight They 

15 Schenk, P Ztschr f d ges evper Med 12 269, 1921 

16 Stejskal K Wien klm Wchnschr 34 200, 343, 1921 

17 Singer, G Wien klin WchnscTir 34 86, 1921 

18 Wjnn, J Arch Int Med 29 72 (Jan) 1922 

19 Foley, F B and Putnam, T J Am J Physiol 53 464, 1920 

20 Corhus, B C , O’Conor, V J , Lincoln, M C , and Gardner, S M 
J A M 79 264 (Juh) 1922 

21 Burger M , and Hageman E Deutsch med Wchnschr 47 207, 1921 
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are now applying it to cases of lumbago and sciatica In this country 
favorable results following hypertonic sugar solutions have been reported 
in influenzal pneumoma,-^ in other severe infectious diseases, in 
traumatic shock,^^ and m glaucoma Such a varied usage of this 
relatively new therapeutic measure would seem to offer a wide field 
for future clinical research In this report, in addition to the effect 
on the composition of the blood, the clinical results in the patients with 
increased cerebrospinal pressure will be mentioned 


METHODS 


Absolute changes in blood volume were determined by the vital 
red method of Keith, Rowntree and Geraghty,^® the principle of which 
depends on the color dilution of a known amount of dye when circulated 
in the blood stream A sample of blood is first drawn, the dye is 
injected and allowed to circulate for three minutes for thorough mixing 
of dye and blood, and a second blood sample is withdrawn The color 
dilution of the dye in the plasma gives a quantitative determination 
of the plasma volume, from which with the hematocrit, the total blood 
volume can be calculated By utilizing the fact that no appreciable 
amount of the dye is excreted in the first ten minutes, it was possible 
to make a second determination of the blood volume within this period 
The hypertonic salt solution was injected and a third blood sample 
was removed within this interval Two readings were thus made on 
the identical quantity of dye injected, which served as an accurate 
control and in addition allowed the measurement of blood changes 
taking place immediately after the injection Other methods of record- 
ing absolute blood changes are more time consuming and apt to result 
in a merging of the early swift changes in plasma volume A third 
determination with this method is not possible for twenty-four hours, 
or until all traces of the dye have left the blood stream Six satis- 
factory determination were made in this manner in Case 1 (Table 1) 
Relative changes in blood volume were determined by changes in 
hemoglobin content, the red blood cell count, and the hematocrit 
percentage The formula used was that of Boycott and Douglas,^'^ and 
may be illustrated as follows 


120% (hemoglobin before) 
80% (hemoglobin after) 


X 100=150 per cent, or the blood 


22 Wells, C W , and Blankmship, R C J A M A 74 75 (Jan 10) 1920 

23 Litchfield, L J A M A 71 503 (Aug 17) 1918 

24 Erlanger, J J A M A 69 1410 (Oct 27) 1917 

25 Sansum, W D J A M A 68 1885 (June 23) 1917 

26 Keith, N M , Rowntree, L G , and Geraghty, T T Arch Int Med 
16 547 (Oct ) 1915 

27 Boycott, A E, and Douglas. C J J Path & Bactenol 13 256, 1909 
ibid 16 485, 1912 
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volume after saline injection in per cent of the normal or original 
blood volume 

This method depends on the assumption that the volume of circu- 
lating hemoglobin is constant under control conditions It is known 
that the red corpuscle content of the blood is altered by a number of 
conditions, among them low oxygen tension,^® fright,®® exercise, sweat- 
ing, admimstration of epmephrin, abdominal massage,®® and also that 
It varies at difterent periods of the day Consequently, the calcula- 
tion of the blood volume changes for any length of time on the basis 
of variations m red cell or hemoglobin percentages would seem to be 
fraught with error Bogert, Underhill and Mendel,®® however, found 
that the hemoglobin of rabbits did not vary appreciably for a penod 
of several hours In Case 1 of this senes comparisons were made 
betw^een the blood volume changes as determined by vital red method 
and the relative changes as determined by dilution of hemoglobin, 
red corpuscles and hematocrit The immediate changes following the 
infusion were quite comparable, but at the end of twenty-four hours 
a discrepancy occuired It seems probable that for short periods of 
time relative blood volume changes can be determined fairly by methods 
that depend on hemoglobin dilution, but for periods as long as twenty- 
four hours an error may be introduced 

The analyses of the blood oxygen and carbon dioxid were done 
by the method of A'an Slyke and Stadie ®® The hemoglobin was calcu- 
lated from the oxygen capacity The chlorid determinations were 
carried out by the method of Wetmore Except when the oxygen 
and carbon dioxid contents were determined, the blood was not with- 
drawn under oil The influence of a diminishing tension of carbon 
dioxid on the distiibution of chlorids between plasma and red cor- 
puscles would make our flgures for the plasma chlorids a little high 
For this reason no precise comparisons of the exchange of chlorids 
between plasma and cells following injection of hypertonic salt solution 
ha^e been made 

In the case of rabbits the salt solution was injected into the ear 
\ein, and the blood withdrawn from the heart In the patients, the 
brachial veins were used 


28 Fitzgerald Quoted from Haldane, J S Organism and Environment 
1917, p 52 

29 Lamson J J Pharmacol & Exper Therap 7 169, 1915 

30 Schneider, E C, and Havens, L C Am J Physiol 36 239, 1915 

31 Drej er, G , Bazett, H C , and Pierce, H F Lancet 1 588, 1920 

32 Bogert, L J , Underhill, F P , and Mendel, LB Am J Physiol 41 

189, 1916 J J' 

33 Van Slvke D D , and Stadie W C J Biol Chem 49 1, 1912 

34 Wetmore, A S T Biol Qiem 45 113, 1920 

35 Van Shke D D and Cullen G E T Biol Chem 30 342, 1917 
Fridcncia, L S J Biol Chem 42 245, 1920 
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DISCUSSION OF RESULTS 

Blood Volume —The most striking result of the intravenous injection 
of hypertonic saline solution was an immediate and marked increase 
in the plasma volume The administration of 100 cc of 15 per 
cent sodium clilorid solution was followed within one or two minutes 
after the injection by an elevation of from 15 to 30 per cent of the 
total blood volume, representing a pouring into the blood stream of 
from 500 to 1,200 cc of tissue fluid The greatest increase in blood 
volume was noted approximately thirty seconds after the injection, 
1 e , as soon after as the blood could conveniently be drawn From 
then on it progressively diminished, and in most cases returned nearly 
to the oiiemal volume wnthin three and one-half hours In one case 
in which the plasma volume w^as abnoimally lowered before the injec- 
tion, the increased blood volume persisted for four days The factors 
that govern the magnitude, the time relationship, and the relative per- 
manency of the changes in plasma volume may be grouped as follows 
(1) the total increase in chlorids present m the entire circulating 
blood at the time of the anatysis, (2) the condition of the kidneys 
Other factors, such as the amount and concentration of the solution, 
the speed of injection, the weight of the subject, and the amount of 
chlorids in the body, may be considered subdivisions of the first group 
In order to show how these factors explain the meclianism of the 
elevation in blood volume, the chlorid content of the entire blood was 
determined before and after the injection of hypertonic salt solution 
The total increase in sodium chlorid was then compared to the increase 
in blood volume It ivas found the volume response was essentially 
that which would fulfil the isotonic lequirements of the increased salt 
In other words, the noimal isotonic concentration of the blood was in 
the mam preserved The detailed calculations follow 

The chloiid content of the entire circulating blood may be deter- 
mined by multiplying the absolute blood volume by the chlorid concen- 
tration in grams per liter of wdiole blood Similarly, the chlorid content 
of the entile plasma is determined by multiplying the plasma volume by 
the plasma chlond concentration The difference betw’'een these two 
figures gives the chlorid content of the entire red cells With the hemato- 
crit the chlorid concentration of red corpuscles in grams per liter can be 
calculated (Table 1) If, in case 1, these figures are charted graphically 
together with the blood and plasma volume after the intravenous 
administration of hypertonic salt solution, a close parallelism is found 
between the blood and plasma volume, on the one hand, and the total 
quantity of chlorid in the circulating blood or plasma on the other 
Slight discrepancies exist which will be discussed later Between the 
blood volume and the chlorid concentration in grams per liter of whole 
blood or plasma an approximate parallelism is present In the other 



table 1 Blood Aitdrations Forrowmo Intil,\venous AdministiliVtion or Hypertonic Salt Solution The Relation Between the Increase in Blood 

Volume and tiil Incrl.\sf in Total Cm orids 



In this instance, the blood volumo w is calculited from the previous vital red determination and tho relative difference in hematocrit In all others the vital red method was 
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human cases, as well as in the experiments on rabbits, an approximate 
parallelism between the relative blood volume after the administration 
of hypertonic salt solution and the chlorid concentration of whole blood 
or plasma is also present (Tables 1, 2 and 4) The chlorid concentra- 
tion in the red corpuscles and the chlorid content of the entire red 
blood cells show no constant relationship to the blood volume 



Relation between blood volume and blood chlonds following the intravenous 
administration of hypfertonic salt solution Results obtained in Case 1 B, whole 
blood , P, plasma , C, cells The upper group shows the total blood, plasma 
and cell i olume, expressed in liters (L ) , the middle group, the total sodium 
chlond in whole blood, plasma and cells, expressed in grams , the lower group, 
the concentration of sodium chlorid in whole blood, plasma and cells, expressed 
in grams per liter 

Obsenation (Obs ) 1 was made just before an injection of 100 cc of 15 
per cent sodium chlond Obs 2, two minutes after, Obs 3, one hour after, 
Obs 4, tuentj-four hours after, Obs 5, one hundred hours after and just 
e ore the second injection, Obs 6, thirt> seconds after the second injection, 
Ubs /, t\\ent\-four hours after the second injection 
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It thus appeals fiom the chait that the inciease in total chlorids 
of eithei blood or plasma is piopoitional to the volume mciease in 
either blood or plasma It may be mentioned at this point that the 
increase m blood volume aftei hypei tonic salt injection is due almost 
entirely to the inciease in the plasma volume An exception to this 
occuried in Case 1, twenty-foui houis aftei the fiist injection, when 
apparently a consideiable increase in cell volume took place Foi the 
most pait, however, the blood volume leflects the changes m the plasma 
volume A more accuiate basis foi comparing the blood volume and 
the blood chlonds may be had by calculating the numbei of cubic centi- 
meter of water theoi etically necessaiy to bung the inci eased chlonds in 
the blood into an isotonic state This is done simply by dividing the 
total chloiid inciease in giams by 0 9 If this number, conveniently 
called the isotonic equivalent of the chlorid mciease, is compared to 
the actual increase in blood volume leckoned in cubic centimetei, it 
IS found that at times they aie approximately equal to each other, and 
at othei times theie is a certain diveigence (Table 1) When the 
actual mciease in blood volume after injection of hypei tonic salt 
solution IS equal to the isotonic equivalent of the chlorid increase, it 
IS evident that the blood i emains isotonic When the actual inci ease m 
volume IS less than the number of cubic centimeter of water necessaiy 
to bring the increase m chlonds to isotonicit}’’ (less than the isotonic 
equivalent), the blood is obviously to some extent hypertonic, piovided 
other conditions remain constant Thus, m Case 1, after the fiist injec- 
tion the increase m chlorid content of the entire blood was 6 78 gm , 
its isotonic equivalent was 754 cc, and the lecorded inciease in blood 
volume 761 c c In this instance it Avould appeal that the increase m 
blood volume was the amount necessary to bring the chloiid inciease 
m the blood into an isotonic state, and consequently that the osmotic 
pressure of the blood remained appi oximately as it was befoie the 
injection, i e , equal to a solution of sodium chlorid of a concentia- 
tion of 0 9 per cent 

If the immediate changes after the second injection aie now 
examined, the chlorid increase is seen to be 10 56 gm , its isotonic 
equivalent 1173 cc, and the recorded inciease in blood volume 894 cc 
In this case, 279 c c of fluid are theoretically still needed to bnng the 
chlorid inciease to an isotonic state The blood would thus appear 
to be hypertonic, containing a total excess of 2 51 gm of chlorid above 
the physiologic concenti ation, or 0 537 gm per liter 

The provision was made m these calculations concerning the 
isotonicity of the blood that the other factois involved remained con* 
stant The other factors involved m maintaining the osmotic pressure 
of the blood do not, however, lemain constant, but undergo marked 
changes Their alteiations complicate but at the same time strengthen 
the conclusions drawn 
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Assuming that the osmotic pressuie of the blood before the second 
injection was equal to that of physiologic solution of sodium chlorid, 09 
per cent , the part played by tlie chlorids in the blood in maintaining the 
osmotic pressure is equivalent to 0 482 per cent (The chlorid con- 
centration of whole blood before the second injection was 4 82 gm 
per liter ) There are, thus, 0 418 per cent (of the osmotic pressure 
of the blood in terms of physiologic sodium chlorid solution) to be 
furnished by other substances, such as glucose, sodium bicarbonate, 
other salts, and colloids After the second injection, the eWorld 
concentration of whole blood was 6 16 gm per liter, an increase of 
1 34 gm per litei It would appear at first glance that each liter of 
blood was hypertonic to the extent of 1 34 gm per liter, whereas in 
the previous calculations from the increase in blood volume, the hyper- 
tonicity was estimated at 0 537 gm per liter The difference between 
the two, 0 803 gm per liter, does not, howevei, repiesent additional 
h) pertonicity, but takes the place of the osmotic substances other than 
chloiids that are lost from each liter of blood by dilution with tissue 
fluid Thus, after the injection, 894 c c of new fluid was found in 
the blood stream The substances making up the 0 418 per cent of 
the osmotic pressure (glucose, sodium bicarbonate, etc ) of necessity 
spiead equally throughout the new blood volume and become cor- 
respondingly diminished in each liter of blood, so that the concentration 
of these substances became 0 338 per cent , or a loss of 0 80 gm per 
liter This is equal to the discrepancy noted above, and represents a 
replacement by chlorid of the osmotic substances lost by dilution The 
concentration of these substances after the injection, 0 338 per cent, 
plus the chlorid concentration after the injection, 0 616 per cent , equals 
0 954 per cent, representing a h)'^pei tonicity equivalent to 0 54 gm 
jier liter, which corroborates the original calculation of 0 537 gm per 
liter (0 338 per cent , or the concentration of the other osmotic sub- 
stances in terms of sodium chlorid after salt injection, is derived as 
follows 0418 per cent [concentration of substances before injection] 
X 3781 [blood volume before] — 4675 [blood volume after] = 0 338 
per cent ) 

Simihar calculations applied to the results immediately after the 
first injection indicate that the blood was practically isotonic in this 
instance corroborating the agreement between the isotonic equivalent 
of the chlorid increase and the actual increase in blood volume 

Tuent}-four hours after the first injection, the actual increase in 
blood lolume appears somewhat greater than the isotonic equivalent of 
the sodium chlorid increase Thus, the sodium chlorid increase of the 
entire blood was 478 gm its isotonic equivalent 532 cc, the actual 
increase in blood volume 901 c c It must be remembered, however. 
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that the osmotic substances other than sodium chlorid which become 
diluted through the ingress of tissue flmd probably revert to their 
original concentration after twenty-four hours, and restore the osmotic 
substances lost by dilution If this calculation is carried out on that 
basis, the blood concentration is practically isotonic Similarly, the 
increase in blood volume twent 3 '--four hours after the second injection 
IS in excess of the isotonic equivalent, but that excess is again equivalent 
to the osmotic substances that presumably enter the blood from the 
tissues to maintain the original concentration The calculation on this 
basis again yields a practically isotonic concentration (Thus, 0 485 
per cent [concentration of osmotic substances befoie second injection] 
-j-0 418 per cent [chloiid concentration after injection] =0 903 per 
cent ) 

It would appear from these results that the total increase m chlorids 
piesent m the ciiculating blood at the time of analysis is the primary 
determinant of the blood volume following hypertonic salt solution 
injection The amount of inciease of the blood volume corresponds 
appi oximatel)^ to the amount of fluid necessary to render the inci eased 
chlorids isotonic 

The discrepancies, which occur twenty-four hours following the 
injection, have been explained above Thirty seconds after the second 
injection, the blood vas apparently to some degree hypertonic, inasmuch 
as the increase in blood lolume did not fully meet the requiiements 
foi isotomcity Thorough mixing of blood and chlorides was probably 
not established, so that this may not have represented the condition 
throughout the entire body It will be remembered that a depression of 
the freezing point of the serum after hypei tonic salt has been demon- 
strated in animals, but in these investigations the amount of salt injected 
was relatively much larger 

The second important factor in determining the permanency of the 
increased blood volume appears to be the condition of the kidneys 
Boycott and Douglas showed that after the injection m rabbits of 
a quantity of ph)rsiologic solution of sodium chlorid equal to the 
calculated blood volume, the original blood volume returned to normal 
within thirty minutes Two thirds of the injected quantity left the 
circulation during the administration, the duiation of which was five 
minutes This occurs with both ureters ligated, but m rabbits in whom 
uranium nephritis had been produced, the blood volume failed to 
return to normal in the allotted time When double strength Ringer’s 
solution was injected, only one third of the injected amount left the 
circulation in the first five minutes White and Erlanger found that 

36 Boycott, A E, and Douglas, C J J Path & Bactenol 19 221, 1914. 

37 White, H L, and Erlanger, J Am J Physiol 54 1, 1920 
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m dogs a strongly hypertonic solution of glucose and gum acacia solu- 
tion caused a marked increase in relative blood volir^e which gradually 
fell but did not return to normal in several hours Magnus ‘ studied 
the diuresis taking place in rabbits after the intravenous administration 
of salt solutions of varying concentrations, and found the degree of 
diuresis ran parallel to the degree of blood dilution Galeotti found 
that the diuresis varied inversely as the molecular concentration of the 
blood The urinary output could not be followed m the present study 
as most of the patients weie incontinent None of the patients had 


TABLE 3 — Relative Blood Volume Following Hypertonic Salt Solution 


Case No , 
Ung 
nosis 
and 
Age 

Administration oi Salt Solution 

Hema- 

tocrit 

Cells, 

% 

Blood 

Volume 

Caleu 

lated 

from 

Hema- 

tocrit, 

% 

Remarks 

Amount 

Dura 

tion 

Avenue 

Time of 
Observa 
tion 

1 

6 

lOO C 0 

5 min 

Intra- 

Before 

47 2 

100 

Sleepy, sea ere headache 

Brain 

15% 


venous 

1 min after 

36 9 

128 

Pelt \ erj hot 

tumor 7 

NaCl 



2 mm after 

36 8 

128 


30 years 




i 30 inin after 

39 3 

120 

Headache gone 




] 

1% Ins after 

39 0 

121 

No longer sleep! 



1 


24 hrs after 

41 2 

114 

Patient brighter, no 








headache 

7 
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Before 
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Slight headache 
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391 
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NaCl 



1 mm after j 
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1 


‘ 3 min after | 
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Headache gone 





3 hrs after 

44 0 

105 


8 

100 c c 

12 min 

Intra 

Before ! 

46 4 

100 

Headache 

Brain 

15% 


venous 

1 mm after ' 

40 3 

115 

Felt very hot 

tumor 

NaCl 



3 mm after 

418 

111 


29 years 




10 mm after 

43 8 

106 

Headache gone, no 





22 mm after 

441 

105 

complaints 





40 mm after 

44 6 

104 


y 

100 c c 

3 min 

By stom 

Before 

72 0 

i 

100 


Poivcv- 

10% 


ach tube 

15 mm after 

69 0 

104 


themia 

NaCl 



30 mm after 

684 

105 


yen 


1 


1 hr after 

6T5 

107 


55 \ears 


1 

1 


1% hrs after 

67 8 

106 



demonstrable nephritis In some of the rabbits, however, chlond reten- 
tion was present in the blood, shown by the immediate increase in 
blood chlorids failing to drop to normal subsequently In these rabbits 
there was a parallel maintenance of the increased blood volume 
Instances of the normal reaction in rabbits, an abrupt rise in blood 
^ olume immediately after the injection followed by a gradual fall, may 
be seen in expenments 1 and 3 (Table 5) In experiments 5, 6, 7 and 
8 (Table 4) the relative blood volume showed an immediate increase 
vhich either remained stationary or became further elevated, and the 
chloride concentration of the blood and plasma likewise remained ele- 
r ated It is to be remembered that the chlorids of the entire blood were 

38 Galeotti, G Arch f Physiol , 1902, p 200 


TABLE 4 — Blood Chlorids and Relative Blood Volume in Rabbits Following Hypertonic Salt Solution 
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not obtained so that precise relationships between blood volume and 
blood salt are not intended In experiments 7 and 8, tlie hypertonic salt 
solution was administered by stomach tube, the blood volume becoming 
progressively higher during the twenty-four hours following the inges- 
tion of the salt, and the chlorid concentration of the blood steadily 
rising in parallel fashion It becomes apparent from these data that in 
the case of rabbits unable to excrete salt the retention of chlorids m the 
blood IS associated ivith the retention of an increased plasma volume 
There are other factors that have a more or less obvious bearing on 
the elevation in blood volume due to hypertonic salt solution The 
slower the speed of administration, the less will be the amount of 
increase in blood volume, since the increased fluid is constantly leaving 
the blood stream Where a uniform amount of solution is administered, 
the weight of the subject will be an evident factor In Case 1, it was 
seen that 6 78 gm of salt were found increased in the blood two 
minutes after the first injection of 15 gm , and 10 56 gm one-half 
minute after the second injection of 15 gm Granting that a certain 
amount of chlorids were excreted through the kidney and intestine, 
it is evident that the larger part was taken up by the tissues Before 
the first injection the total chlorids, as well as the chlorid concentration 
were low, whereas before the second injection the total chlorids and 
the chlorid concentration were considerably higher This suggests that 
the paucity of body chlonds in the first instance was responsible for 
the tissues talcing up more chlorid than in the second instance, in which 
the chlorid concentration and total chlorids were already relatively high 
The suggestion is purely a tentative one, and it must be admitted that the 
differing time intervals following the injection may be partly the cause 
of the discrepancy 

From our results in the senes of patients studied, no typical cun^e 
of blood volume following the administration of hypertonic salt solu- 
tion was found It is obvious that there are sufficient reasons for this 
The persons studied were not normal but severly ill The treatment 
of each patient varied, and the diet and fluid intake likewise varied 
according to the therapeutic indications Although a uniform amount 
of solution was generally given, this meant a varying dosage m terms 
of salt per kilogram of body weight The speed of injection, as well 
as the time of making obsen'’ations, was not kept constant No typical 
response of the blood volume was thus found but certain general char- 
acteristics can be described as well as the probable mechanism 

After the intravenous injection a rapid rise in blood volume was 
followed by a gradual fall The greatest increase appeared to be 
present immediate^ after, i e , 30 seconds after the end of the injec- 
tion In all of the determinations, except one, a substantial return 
toward the ongmal blood volume occurred m from one to three and 
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one-half hours after the injection (Tables 1, 2 and 3) In the one case 
referred to the elevated blood volume persisted for four days, an 
observation which was confirmed by a vital red determination Esti- 
mations of blood volume from hemoglobin determinations twenty-four 
hours after the injection cannot be considered reliable, as pointed out 
earlier m this paper It is believed, however, that relative variations 
in blood volume can fairly be told from hemoglobin determinations 
taken within from one to four hours of each other 


TABLE 5 — Relative Blood Volume Following Intravenous Administration 

OF Hypertonic Salt Solution 


Experl 

mcnt 

Number 

and 

Weight 
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NaOl 
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Red 

Cells, 
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Time of 
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1 
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100 

1 
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1 

Marked tachypnea 

Rabbit 



22 min after 

16 5 
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1 





26 mm after 

17 3 
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1 





1% brs after 

18 6 
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1 

No ill effects 

2 

3 c c 
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30 0 

lOO 

1 
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% min after 
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1 


Rabbit 



5 mm after 

27 0 

111 

1 





30 mm after 

27 6 
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1 





46 min after 

27 0 

111 

1 





2hrs after 

27 0 

111 

1 





3hrs after 

21 5 

139 

1 





24hrs after 

212 


1 

No ill eSects 

8 

7cc 

Imin 

Before 

36 6 

lOO 

16 

Ether anesthesia 

3 5bg 



3 mm after 

23 9 

153 

16 


Oat 



1 hr after 

300 

122 

15 



It IS interesting to note that the example of a persistently elevated 
blood volume occurred in a patient who had an abnormally low plasma 
volume associated with a low blood chlorid concentration and a low 
total chlorid content After the first injection, the plasma volume and 
the chlorid figures were approximately normal, and maintained their 
normality until the second injection After the second injection, a 
rapid rise in blood volume occurred, followed by a substantial return to 
the previous figure in three and one-half hours, as shown by the 
hemoglobin determinations Similarly, after the third injection, the 
relative blood volume (as calculated from the hemoglobin, red corpuscle, 
and hematocrit dilution) showed a sharp elevation, followed by a 
gradual fall, approaching normal in three hours (Table 1) The reason 
for this variation in response may, peihaps, be found in the tendency of 
the organism to i evert to or maintain the normal In the presence of 
a low blood volume and a low total chlorid content the increase m 
volume and chlorid content of the blood persisted In the presence of a 
noimal blood volume and blood chlorid the elevation above the normal 
on two occasions was quite temporary, returning laigely to the normal 
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figures within three and one-half hours It is freely admitted that 
this reasoning is hypothetical and may not at all account for the facts 

It was shown in Case 1 that the increase in blood volume was 
approximately equal to the number of cubic centimeters of water 
theoretically required to render the increased chlorids in the blood 
isotonic On this basis, the maximum increase due to administration of 
15 gm salt would be 1,666 cc As a matter of fact, however, this 
amount is never actually reached since a certain portion of the chlorids 
enters the tissues or is excreted the moment it arrives in the blood 
stream The maxium increase, expressed in terms of relative blood 
Aolume, varied in individual cases from 115 to 130 per cent of the 
original blood volume This would represent a range of increase of 
from 500 to 1,200 cc of tissue fluid In the two instances in which 
the absolute blood volume was measured by the dye, the maxium 
increase was 761 c c after the first injection and 894 c c after the 
second injection 

In Case 4 (Table 2), 100 cc of 1,500 per cent Ringer’s solution 
(fifteen times stronger than standard Ringer’s solution) was injected 
This patient was unrelieved of his headache, and there was no fall in 
spinal pressure, as shown by manometer readings It is interesting to 
note that the increase in blood volume and in blood chlorids was of 
very slight degree The reason for this can, in part, at least, be 
accounted for by the lessened amount of chlorids present in Ringer’s 
solution, but the changes still seem of lesser degree than one would 
expect The serum directly following the injection was deeply 
hemolyzed, an efiect presumably due to the excess potassium in the 
solution It IS of some interest to note that in this case a hypertomc 
salt solution was given without any fall in cerebrospinal pressure, and 
with minimal evidence of blood dilution In the other cases so tested, 
the fall in cerebrospinal pressure was accompanied by considerable 
blood dilution The findings strongly suggest that the drop in cerebral 
pressure when it does occur is due to a volume change dependent on 
egress of fluid from the brain to the blood stream 

In the two persons to whom the salt was administered by mouth 
either a smaller amount or a smaller concentration was given The 
result was that a much smaller increase in blood volume occurred and 
that the maximum increase took place more than one-half hour after 
the injection rather than immediately afterward The rabbits received 
a much larger dose by mouth than they did intravenously, but the 
resultant increase in blood volume was about the same m the two 
groups The two rabbits, which received the salt by mouth showed a 
progressively increasing blood volume associated with a progresswely 
increasing blood concentration, as was discussed above It may be 
mentioned in this connection that Foley and Putnam found that the 
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oral administration of hypeitonic salt caused a fall in cerebrospinal 
pressure similar to the intravenous administration piovided that larger 
amounts of salt weie given 

Red Coipu^cles and Hemoglobin — Theie weie no significant 
changes m the led blood cells, except their deciease in number due to 
dilution No hemolysis occurred as a result of hypertonic sodium 
cliloiid injection In the case in which hypertonic Riiigei solution was 
given, the hemolysis was probably due to the abnormal amount of 
potassium piesent Examination of the serum spectroscopically for 
tiaces of hemoglobin oi foi inci eased amounts of bihiubin was done in 
two cases with negative results 

In Case 2 (Table 4) the red cells showed a slight increased resis- 
tance to hypotonic saline three minutes after injection witli a return 
to the normal fragility twenty-foui hours latei Before the injection 
the chlorid content of the red corpuscles was 0 64 gm per liter , three 
minutes after 0 75 gm per liter , twenty-four hours after 1 50 gm per 
liter The finding of temporary lessened fi agility is probably explain- 
able on the supposition that the increased chlorid content of the cell 
had not been reduced to isotonicity within thiee minutes In this case 
It appeals that the red corpuscles had swollen at the end of twenty-four 
hours, inasmuch as the hemoglobin and led blood cell count still showed 
dilution and the hematociit had largely returned to the original value 
The striking increase in the chlorid content of the led cell from 0 64 
to 1 50 makes this seem plausible In Case 3 (Table 2) the fragility 
test was made with control cells but with equal quantities of the 
plasma before and after the injection of hypertonic salt solution No 
change in fragility resulted from admixture with plasma taken after the 
salt injection 

Oxygen and Caibon Dioxid Content of Fenons Blood — The venous 
oxygen content was markedly lowered, reflecting and largely due to the 
diminution in oxygen capacity There was in one instance (Case 2, 
Table 2) a lowering of the venous saturation that may have repiesented 
a slight slowing up of blood flow due to sudden increase in blood 
volume In the other three cases, the lowering of the venous satuia- 
tion was too slight to be significant The carbon dioxid content of 
venous blood showed no constant or decided changes m the three cases 
in which this was carried out (Table 2) 

Clinical Results — No harmful effects following the administration 
of hypertonic salt solution were observed The precaution was taken to 
exclude any case that gave evidence of renal disease The six patients 
with brain tumor who had increased cerebrospinal piessure were all 
symptomatically improved The symptoms that were especially relieved 


39 These examinations were performed by Dr Chester M Jones 
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were headache and stupor (remarks in Tables 1, 2 and 3) In one 
instance a patient was inarticulate before the injection and afterward 
could make herself understood by a slurring speech The relief of 
symptoms generally lasted one day One patient, who for six weeks 
had suffered continuously from severe headache and stupor, became 
wide awake and completely free from headache twenty minutes after 
the injection, and remained so for three days, when her symptoms 
began gradually to return Among the immediate effects was the sensa- 
tion of feeling very hot All the patients who were able to talk com- 
plained of it This disappeared within twenty or thirty minutes of the 
injection There was a temporary rise in pulse rate of between five and 
fifteen beats and in systolic blood pressure of between 10 and 40 mm , 
maximal immediately after the injection and returning to normal 
usually within thirty minutes of the injection In no instance was 
there a rise in temperature of more than 1 degree (F) In the patient, 
who had a fracture of the skull and to whom 1,500 per cent Ringer’s 
solution was given, no beneficial effects were observed In the patient 
with pol 3 '’cythemia to whom the salt was administered by mouth, no 
definite change m condition was mamfest 

SUMMARY AND CONCLUSIONS 

1 Hypertonic salt solution was administered intravenously to six 
patients with brain tumor and to one patient with a fractured skull, 
by mouth to one patient with polycythemia and to one normal person, 
intravenously and by mouth to eight rabbits Observations were made 
on the blood volume, the blood chlorid concentration, the total chlorid 
content of the blood, the effects on red corpuscles and hemoglobin, the 
venous oxygen and carbon dioxid content, and the clinical condition of 
the patients 

2 The immediate effect of the intravenous injection of 100 c c of 
15 per cent sodium chlorid solution was a marked increase in plasma 
volume Reckoned in terms of relative blood volume, the increase 
Avas between 15 and 30 per cent of the original blood volume, and the 
calculated increase on this basis between 500 and 1,200 cc of tissue 
fluid In two instances in which the absolute blood volume was 
determined by the vital red dye method the maximum increase m one 
case was 761 c c and m the other 894 c c The increase m blood 
volume reflected and was almost wholly due to the increase m plasma 
A olume 

After the injection there Avas a more gradual fall m blood volume, 
m most cases largely, although not entirely, returning to the original 
volume Avithm three and one-half hours In one case that had an 
abnormally Ioav blood A'olume the increase persisted for four days 
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2 ) An increase in blood volume followed the oral administration of 
hypertonic sodium chlorid, but was relatively of lesser degree and 
slower onset 

4 The mechanism of elevation and maintamance of the blood 
volmne after hypertonic salt administration appeared to be dependent 
on tlie behavior of chlorids in the blood Following the injection of 
15 gm sodium chlorid solution m two determinations m Case 1, there 
was found an increase of approximately 6 gm in the first and 10 gm 
in the second 

In the first instance the amount of increase in plasma volume was 
equal to the amount of water theoretically required to render the 
increased chlorids isotonic In the second instance the plasma volume 
increase was slightly less than the theoretic requirement of the added 
chlorid, indicating that in a portion of the blood stream at least the 
blood was slightly hypertonic Essentially, however, the increase in 
blood volume corresponded to the isotonic equivalent of the introduced 
salt In the other human cases and in the animal experiments the rise 
and fall in blood volume generally ran approximately parallel to the 
blood chlorid concentration 

In rabbits showing an inabilit}’- to excrete chlorid, the inci eased 
blood volume -persisted elevated with a parallel maintenance of the 
increased blood chlorid concentration 

5 The red corpuscles showed no impairment due to the introduction 
of hypertonic sodium chlorid solution In one case there was a 
temporar)’’ lessening of fragility The oxygen carrying poner of the 
hemoglobin was intact There was no free hemoglobin spectro- 
scopically, or any increase in bile pigment In one patient, to whom a 
markedly hypertonic Ringer’s solution was given, evidence of hemolysis 
appeared m the serum, due presumably to the abnormal amount of 
potassium present 

6 No significant changes in oxygen saturation or carbon dioxid 
content of the venous blood were found 

7 In the six patients with brain tumor, who had an increased 
cerebrospinal pressure, symptomatic improvement occurred in all This 
was mainly mamfested in the relief of headache and stupor No harm- 
ful effects were observed It appears likely that the fall in cerebro- 
spinal pressure that follows the intravenous or oral administration of 
hypertonic salt solution is a volume change dependent on the egress of 
fluid from the brain to the blood stream 

We wish to express our thanks to Dr Stanley Cobb and Dr James B Ayer 
for finding us neurologic cases at the Massachusetts General Hospital, and 
to Dr James H Means for his interest and aid during the course of the work 
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ROENTGEN-RAY DOSAGE IN TREATMENT AND RADIOGRAPHY 
By W D WiTHERBEE and John Remer 

This book sets forth the authors’ views on filtered and unfiltered dosage 
by roentgen ra>s, and gives a bird’s-eye view of the field of usefulness for 
roentgen-ray therapy Such information has been in great demand since the 
use of the rays has been so widespread The quantities given for filtered 
roentgen-ray dosage assume the theory that at twice the skin-target distance 
the therapeutic effect is one-half as great This is contrary to the statements 
of other writers and is contrary to the accepted laws for radiant energy which 
state that the quantity of rays varies inversely as the square of the distance 
Readers who are accepting the quantities set doun for filtered dosage should 
be aware of this departure from the usual computations and measurements 
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condition, had focused their chief attention on the respiratory crisis, 
the paroxysmal attacks of dyspnea This symptom fascinated the 
physician on account of its explosive and dramatic character and, 
because of the intense discomfort of the patient, demanded immediate 
relief, often taxing the resources of medical aid to the utmost While 
the respnatory crisis of asthma comprises in itself no more of the 
pathologic physiology and true nature of the disease than do the 
convulsive attacks m eclampsia or epilepsy, it has developed in this 
way that most discussions of this condition have dwelt chiefly on the 
origin and mechanism of the dyspnea 

The theories that have been formulated to explain the attacks of 
paioxysmal dyspnea are agreed today that the difficulty of lespiration 
IS due to a stenosis of the bronchi, but whether this narrowing is due 
chiefly or exclusively to a spasm of the bronchial smooth muscle system, 
to swelling and exudation of the bronchial mucosa, to a true obturation 
stenosis by the secretion from the bronchial glands, or to a combination 
of tvo or moie of these conditions seems still to be an unsettled 
question The lecognition that certain forms of bronchial asthma are 
manifestations of allergy m man, a conception which has introduced a 
new era in the study and treatment of this disease, has strengthened 
the contention that bronchiolar spasm is the important factor in the 
production of the bronchostenosis It must be admitted, however, that 
this view, aside from the indirect proof obtained from the pharma- 
cologic action of atropin and epinephnn, has mainly been deduced 
from the mental comparison and identification of the emphysema and 
bronchospasm observed in the classical experiment of anaphylaxis in 
the guinea-pig and not fiom a detailed study of the lung structures 
of the human asthmatic after death “ 

The diffuse and loose application of the teim “anaphylaxis” to 
ever}”^ kind of diurnal or nocturnal dyspnea will not advance our 
knowledge of bronchial asthma Anaphylaxis is a well defined 
immunologic phenomenon, and the application of this term should be 
restricted to those forms of asthma which fulfil at least some of the 
following conditions 

1 Positive slan sensitization tests foi one or more specific proteins 
It IS possible, however, to be sensitized in the allergic sense and to 
show no skin sensitization ^ 

2 Blood, sputum and tissue eosinophilia, showing an altered reac- 
tion of the human oigamsm to a foreign soluble protein 

2 klelt7cr, S J Bronchial Asthma as a Phenomenon of Anaphylaxis, 
J A M A 55 1021 (Maj 9) 1910 

3 Fleischner, E C , Meyer, K F , and Shaw, E B A Resume of Some 
Experimental Studies on Cutaneous H^persensltlveness, Am J Dis Child 
18 577 (Dec) 1919 
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3 Relief fiom the bronchial spasm by the use of atropin or 
epinephrin 

4 Desensitization of the patient by repeated injections of the excit- 
ing protein, e g, horse dander, pollen or by ingestion of gradually 
increasing quantities of the exciting protein, e g , egg-white 

5 Freedom from symptoms on lemoval of the exciting protein 

6 Passu e sensitization of a laboratory animal with the blood of 
the asthmatic 

7 Postmortem examination in fatal cases to determine if theie 
aie any changes which account for the sudden death and which 
simulate the acute emphysema found post mortem in the guinea-pig 
and to exclude the dyspnea due to capillaiy tlnombosis or embolism 
(anaphylactoid reaction of Karsnei and Hanzhk) , for it is chiefly the 
pathologic-anatomic examination of the animals postmoitem that has 
chaiacterized the anaphylactic symptom complex peculiar for each 
species 

On the othei hand, we behe\e it to be a grave mistake to consider 
all cases of bronchial asthma as a manifestation of allergy The 
fallacy becomes especially apparent m a study of the bacteiial type of 
asthma, the so-called asthmatic bronchitis Bacterial infection may 
lead in a variety of ways to bronchial stenosis The infection of the 
mucosa and the glandulai structures may produce an abundant exudate 
leading to partial or total obstruction of ceitain bionchi, or the infection 
may lead to profound injuries of the piotectmg layer of the mucosa, 
causing minor losses of substance, thus facilitating absorption of toxic 
materials which stimulate muscular spasms similai in mechanism to 
the bronchiolar spasm produced through inhalation of excoriating gases 
It is also not improbable that various poisons of the type of peptones 
01 amines aie formed by the action of bacteria on tissue pioteins 
These poisons, when carried by the blood oi lymph stream from the 
intestinal tract, oi from distant foci of infection to the peripheral nerve 
endings m the bronchial musculature, may stimulate it to spastic con- 
traction Only m very rare instances might bacterial proteins, as such, 
sensitize a person and act as anaphylactogens Then the bacterial type 
of asthma, too, might become alleigic m character Even in the 
instances of allergic asthma a chronic bronchial infection is often super- 
imposed as a second pathogenetic factor, which only too often obscures, 
especially m older persons, the primary alleigic susceptibility of the 
patient 

4 ICoessler, K K, and Moody, A M Etiology of Chronic Bronchitis, 
with Special Consideration of Those Forms Associated with Bronchial 
Asthma, J A M A 64 1104 (March 27) 1915 
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These considerations suggest that detailed histological examinations 
of patients who have died from asthma should furnish information 
of ^alue for settling certain phases of the problem briefly discussed 
in the preceding paragraphs 

HISTORICAL REVIEW 

Since our work is mainly concerned with the microscopic analysis 
of the finer lung structure in bronchial asthma, we shall review here 
onl} those cases in literature in which a microscopic examination has 
been made While the medical literature of the seventeenth, eighteenth 
and nineteenth centuries contains some excellent post-mortem reports 
on the macroscopic examination of persons who have died of asthma, 
the sun ey of these reports does not, at this time, warrant their 
inclusion here for the sake of completeness The number of recorded 
micioscopic studies of the lung structure of peisons who, during life, 
ha^e sufifered from true bronchial asthma, is exceedingly small if one 
considers the frequenc) of the disorder So far as we know, only 
fifteen cases are repoited in which a more or less detailed microscopic 
study of the lungs has been made and of this number only about 
one-half seem, on close analysis of the data, to be cases of true 
bronchial asthma 

SUMMARY OF CASES IN LITERATURE 
Case 1 1886 E % Leyden — Histojy — ^Female, aged 40, had had asthma 

Necropsv Report Macioscoptc Evammation — Both lungs show marked 
^eslcular emphjsema and their borders are greatly distended The bronchi are 
not dilated and not changed except for a reddening of the, mucosa The small 
bronchi contain greenish or whitish mucous masses m 'which there are no 
fibrin or crystals 

Microscopic Exaviinaiwn — Some of the alveoli are distended, while others 
are not, and most are filled by a granular material containing man> large cells 
The vails of the smaller bronchi are not essentially changed and the lumen 
of man> is practically occluded by a layer of amorphous material which is 
adherent to the epithelium One illustrated section is described 

Comment — From the history, this case appears to be a typical case 
of bronchial asthma which was complicated during the last months of 
life by failing heart and kidneys The occlusion of many bronchi by 
mucus IS the most significant pathologic change desciibed 

5 1 Leyden, E Ueber Bronchial Asthma, Deutsch Militararztl Ztschr 
15 51, 1886, Ueber Bronchial Asthma, Berlin, 1886, Mittler and Son 
since early childhood and was treated by v Leyden seven y'ears previously' 
Her attacks appeared and disappeared suddenly, the frequency, severity and 
number \arying considerably' In attempting to relieve her suffering she 
became a high grade morphin addict Later severe hydrops and albuminuria 
developed The lungs were emphysematous and sibilant rales were diffuse 
During attacks, a tough grayish sputum containing fibrinous threads, small 
firm masses, crystals and epithelial cells were raised Death followed an 
attack of severe dyspnea with cyanosis 
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Case 2 1889 J B Berkart' ^Tu/oo’— Mrs C , aged 37 , family history 

of tuberculosis Childhood diseases whooping cough, measles and scarlet fever 
Since childhood she had been subject to frequent colds, especially in early 
summer The first attack of bronchial asthma followed a severe prolonged 
bronchitis at the age of 23 Following this, she had frequent attacks of 
bronchitis with asthma which, with a swelling of the legs, caused her to 
enter the hospital a few months before death On entrance, the heart s action 
was disturbed and the urine contained albumin She left the hospital after 
a stay of three or four months, being considerably improved, except for a 
generalized edema and frequent severe attacks of paroxysmal dyspnea Nine 
days before death she ivas seen again because of dyspnea, cough, insomnia, 
diarrhea and w^eakness The face w-as cyanotic and edematous The chest 
showed bilateral high pitched resonance wnth diffuse sonorous and sibilant 
ronchi Pulse 100, small, soft and regular Heart extended beyond the right 
sternal border and its sounds were loud and clear Abdomen distended 
Urine negative Tw-enty-four hour specimen of sputum about 4 ounces, con- 
tained Curshmann’s spirals, Charcot-Leyden’s crystals and eosinophils Death 
followed an acute exacerbation of all her symptoms 

Necropsy Report Maci oscoptc Eiamiiiaitou — Heart, considerable dilata- 
tion and hypertrophy, with valves intact Lungs not collapsed Extensive 
adhesions of the right apex The right mam bronchus and one branch of the 
left mam bronchus are almost occluded by dark browm cylindrical branching 
masses The smaller bronchi are dilated and some are partially obstructed 
by exudate The rest of the lungs are cmphjsematous The abdomen con- 
tains a moderate amount of fluid The liver, spleen and kidneys are large, 
pale and dr^' 

Mic) oscopic Examtiwtion — ^The cjhndncal masses are composed chiefly of 
deformed degenerating cylindrical epithelium with no Charcot-Leyden’s crys- 
tals The raucous membrane of the right mam bronchus show's firm, fibrous 
avascular excrescences coiered by a single layer of oblong epithelium, almost 
all the remainder of the mucosa being denuded One deep ulceration m a 
main bronchus extends almost to the cartilage There are a few colonies oi 
staphylococci betw'een the folds of the internal fibrous layer The mucous 
glands are remarkably few' m number, ^ery small and looking as if atrophied 
The bronchi of medium size are irregularlj dilated, most of them partially 
or completelj' occluded by masses of detritus containing fragments of Charcot- 
Lej'den’s crj'stals The w'alls arc thickened and there is considerable hyper- 
plasia of the mucous membrane The finest bronchi arc dilated and denuded 
of epithelium and some contain fibrinous threads and colonies of streptococci 
The alveoli are emphj'sematous and have no epithelium, w'hile some are almost 
filled w'lth a fibrinous exudate 

Comment — ^Tlie clinical history of the case points to a bionchial 
asthma developing from a chronic bionchitis and complicated m the 
last few months by a failing heart The most significant pathology 
is the ulceration in one of the chief bronchi, the atioph}'^ of the mucous 
glands and the hyperplasia of the mucosa of the middle sized bionchi 

Case 3 1892 A Schmidt Htsioiy — J S, w'aitress, aged 49, previous 
illness articular rheumatism at 44 Six months before death, dyspnea, emacia- 
tion and W'eakness caused the patient to stop w'ork Tw'o months before 
death a troublesome cough, w'hich was relieved by raising a small amount of 

6 Berkart, J B Bronchial Asthma, London, 1889 

7 Schmidt, A Beitrage zur Kenntniss des Sputums insbesondere des 

Asthmatischen und zur Pathologic des Asthma bronchiale, Ztschr f klin Med 
20 476, 1892 ° 
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tenacious mucus, developed and she was unsuccessfully treated for bronchitis 
About three weeks before death the first typical attack of asthma came on 
and was relieved an hour later b> raising some tenacious mucus Following 
this, attacks came on frequently and she entered the hospital Examination 
show ed an emaciated female wutli a cystic growdh the size of a goose egg in 
the left side of the neck The lung borders were lowered and many dry 
rales w-ere heard on expiration Severe attacks came two to three times 
daily and three days after entering the hospital she died in collapse follow- 
ing a serere attack of dyspnea 

Necropsy Report Macioscopic Erammafion — Tumor nodules press against 
and partially encircle the structures in the left side of the neck, occlude the 
thoracic duct and extend into the mediastinum and into the upper lobes of 
both lungs A small tumor mass presses against the left pulmonary vein 
and partially occludes it The heart is large and shows a marked fatty 
degeneration The right ventricle is dilated The aorta is markedly scle- 
rotic The apices of both lungs are adherent to the thoracic wall The section 
of both lungs shows numerous tumor nodules in the upper lobes, some of 
w'hich at the hilum press on the bronchi and cause narrowing of their 
lumina and degeneration of their walls Peripheral to the narrowed places, 
the bronchi are dilated The bronchi of both upper lobes contain yellowish 
tenacious mucous masses which can be pressed out or pulled out as long 
spirals, several centimeters in length Both lower lobes contain much blood 
and exude a purulent fluid Neither contain tumor nodules except at the 
hilum The remaining organs show no important change 

Miaoscopic Examinahon — The epithelium of the dilated bronchioles is 
almost intact, the lumen almost or completely occluded by mucous material 
which stains more deeply in the central portions and contains numerous cells, 
among which are alveolar epithelium, a few polymorphonuclear neutrophil 
leukocytes and some homogeneous round, oval or elongated structures with- 
out nuclei The mucus m the bronchioli respiratorii shows the spiral arrange- 
ment but the alveoli contain no spirals The mucous glands of the bronchi 
are in a state of active secretion, but the gland ducts contain no spirals The 
walls of the bronchi and bronchioles contain dense connective tissue fibers 
and are infiltrated by round cells Surrounding a few of the bronchi, which 
contain poljmorphonuclear leukocytes, the alveoli contain numerous leuko- 
C3'tes of the same tjpe The blood vessels of the upper lobes show a marked 
periarteritis obliterans The masses of tumor tissue have the arrangement 
of a medullary carcinoma 

The author discusses the occurrence of Curshmann’s spirals, 
Charcot-Leyden’s crystals, fibrin and eosinophil cells m the sputum 
and shotvs that, as these structures are found in so many other 
disorders, the sputum findings are of no great diagnostic importance 
in bronchial asthma He considers the attacks of dyspnea as the 
all important symptom, but believes that there is no sharp distinction 
between the dyspneas of asthma and of severe bronchitis But, he 
says, the work of Biermer and others has shown that there is a distinct 
neiw^ous form of asthma in which the inflammatory factor is insignifi- 
cant and he considers this form as proof that the nervous system plays 
an important role in the spasmodic element in the common exudative 
form of asthma as well, which fact sets asthma apart as a morbid 
entit} distinct from bronchitis 
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Comment — Two important points must be considered in tins case 
Fust, the initial attack of asthma occuired within the last tliiee weeks 
of life, and second, the piesence of tumor masses piessmg against the 
structuies of the neck, mediastinum and lung We question, theiefore, 
whether this is to be consideied as a typical case of bionchial asthma 
or whether it is lathei to be classed as a symptomatic asthma due to 
a medullary caicinoma involving the lespnatoiy tiact 

Case 4 1898 A Fracnkel " Hntoiy — Male, aged 63, carpentei Previ- 

ous illnesses rheumatism and gout foi years, bronchial catarrh since 60 and 
followed two years later by asthmatic attacks About six weeks before death 
the patient entered the hospital suffering from gout, emphysema, chronic 
bronchitis and frequent asthmatic attacks During attacks the lung borders 
were lowered and numerous rales were heard all over the chest The sputum 
contained a few Charcot-Leyden’s crystals but no Curschmann’s spirals The 
patient improved steadily for a time but died suddenly during a severe attack 
after a five-day period of freedom from attacks 

Necropsy Report Mact oscopic Exammation — Both sides of the heart are 
dilated The lungs are distended and almost cover the pericardium The 
right lung IS slightly adherent to the chest wall The bronchi on both sides 
are dilated, their mucosa is reddened and they contain a mucous material 
which can be pulled out threadlike The bronchial glands are greatly 
enlarged and pigmented 

Mia oscoptc Examination — In the stained sections of the bronchial clots 
there are no typical spirals, but twisted threads, resembling fibrin, are present 
The epithelium of the middle sized bronchi is detached from the basement 
membrane and forms twisted rows of cells which completely occlude some of 
the bronchi Some of these cells are greatly elongated The denuded wall 
appears thickened and contains manv dilated capillaries and round cells Some 
of the alveoli are emphysematous and some aie compressed, while some con- 
tain a few blood cells In some places the interstitial connective tissue is 
increased 

Comment — To us, the most interesting points in this case aie the 
history of a chronic bronchitis, the advanced age of the patient when 
the first attack occurred ( 62 ), attacks for only one year befoie death 
and the necropsy findings of an adhesive pleuiitis and a thickening of 
the bronchial Avails It may be questioned whether this is a typical 
dase of bronchial asthma oi is a senile dyspnea due to a combination 
of a chronic bronchitis, emphysema and a failing myocaidium 

Case S 1900 A Fraenkel® Histoiy — Male, aged 48 For about one and 
a half years preceding death the patient remained in the hospital suffering 
from almost daily severe asthmatic attacks, during which he raised a tena- 
cious mucus containing Curshmann’s spirals and Charcot-Leyden’s crystals 
The last severe attack resulted m death thirty-six hours later from collapse 

Necropsy Report Macroscopic Examination — The middle-sized and smaller 
bronchi of both lungs are almost or completely occluded by screw-shaped clots 

8 Fraenkel, A Zur pathologischen Anatomic des Bronchialasthmas, 
Ztschr f klin Med 35 559, 1898 

9 Fraenkel, A Zur Pathologic des Bronchialasthma, Deutsch med 
Wchnschr 17 269, 1900 
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which can be pulled out with difficulty In the larger tubes these clots are 
looser and several centimeters in length 

Microscopic Examination —Stained (Bondi-Heidenhain) specimens of these 
clots show them to be true mucus, the threadlike central portions staining ' 
more intensely than the outer portions, which contain numerous eosinophil 
cells In the smaller bronchi from 015 to 0 03 mm in diameter, isolated 
epithelial cells are elongated to about 204 microns in length, resting on a 
layer of small round cells, the ciliated borders of some are ruptured and the 
mucous content of the cell protrudes as a drop in the lumen often fusing 
with a neighboring drop In places these cells appear drawn out to form 
awl-like figures, in others they are heaped up to form layers two or three 
cells deep The alveoli are almost free of secretion, containing only a few 
epithelial and eosinophil cells, and their walls contain dilated capillaries and 
collections of mononuclear and polynuclear cells The walls of the small bronchi 
contain dilated capillaries and are infiltrated from the epithelium to the outer 
layer b}-' cells, most of which are mononuclear and polymorphonuclear eosino- 
phil cells These cells are most numerous in bronchi containing glands and 
cartilages Charcot-Lei den’s crystals are found m places where the eosino- 
phil cells are grouped 

Comment — This seems to be a true case of bioiichial asthma of 
several years’ duration The most important finding is the microscopic 
evidence of an extensne chronic infection of the bronchi It is of 
especial interest that most of the cells infiltiatmg the bronchial walls 
aie eosinophilic 

Case 6 1905 Jezierski'" Hisfoiy — ^Male, gardner, aged 63 Father died 

of asthma Patient first had cough with djspnea about five years before death 
and m the last two -years of life the symptoms were so severe on two occa- 
sions that hospital care was needed The symptoms consisted chiefly in 
attacks of severe expiratory dyspnea, sensation of fear, palpitation with 
tachvcardia, pain iii the epigastrium and cyanosis 

PlU'sical examination showed a barrel-shaped chest, wide intercostal spaces, 
lowered lung borders, difficult expiration, and numerous dry and moist rffies 
After a six months’ stay m the hospital the patient contracted a right lobar 
pneumonia and died two days later 

Necrops-v Report Maci oscopic Examination — The upper and middle lobes 
of the right lung are large and of liver-like consistency The left lung is small 
and light and the mucosa of its dilated bronchi is reddened 

Mic) oscopic Examination — The bronchial lumina of the left lung, which is 
free from pneumonia, contain mucous masses in which are embedded cell rem- 
nants, well preserved ciliated epithelial cells often m rows, leukocytes, lympho- 
cytes, erythrocytes and eosinophils No fibrin is found The well preserved 
epithelium is infiltrated by numerous round cells which invade all layers of the 
bronchial wall and in places are collected into groups resembling ly'mph glands 
Beneath the epithelial layer the elastic tissue is markedly increased There are 
also an unusual number of thm-walled closely^-crowded capillaries around the 
tunica propria The diaphragm shows some rarification and fatty infiltration 
The neck muscles, the vagi and the cervical nerves show no changes, but the 
phrenic ner\ e contains groups of degenerating fibers The right lung is a 
tipical pneumonic lung 

Comment ^The clinical history of attacks of dyspnea for about 
file }ears before death in an old man and the microscopic evidence 

11 Ifl Jczierski Zur Pathologie des Asthma bronchiale, Deutsch Arch f 
khn Med 85 342, 1905 
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point to infection in the respiratory tract as a probable etiologic or 
complicating factor in the production of the asthmatic attacks, but the 
hereditary factor, the occupation and the presence of eosinophils point 
to an allergic pathogenesis The most significant pathologic findings 
are the mucous masses in the bronchi, the cellular infieltration m the 
bronchial wall, the presence of eosinophil cells and the increase in 
elastic tissue 

C'VSL 7 1905 Jezierski'" Hufo? y —Female, aged 46, silk weaver Asth- 

matic attacks began twelve years previously Patient entered the hospital a 
short time before death suffering from d 3 'spnea, cyanosis and tachycardia The 
lung borders were lowered and there were many buzzing and whistling rales 
on expiration Death followed collapse during a severe attack 

Necropsy Report Manoscoptc Evammatton — Each pleural cavity contains 
about 200 c c of a bloody serous fluid The left lung is markedly emphysema- 
tous and contains much blood The bronchial lymph glands are anthracotic 
Small wormlike mucous masses can be pressed from the small bronchi The 
right lung contains fewer of these masses than the left 

Muioscoptc Exaimnation — The mucous masses contain many elongated 
ciliated epithelial cells, some of which are drawn out as long filaments, cuboidal 
cells from deeper layers of the epithelium, round cells, numerous eosinophil 
cells, some erythrocytes and cellular debris These constituents vary consider- 
ably in numbers and distinctness in different sections The epithelium of the 
bronchi is intact, except in a few places where it is penetrated by round cells 
which infiltrate the bronchial wall cither diffusely or are collected in groups 
about vessels This infiltration is so marked in the smaller bronchi that all 
structures are obscured The elastic tissue is not increased and there are no 
new -formed blood vessels The lung parenchyma is intact 

Comment — The most significant pathologic findings are the occlu- 
sion of man} bronchi by mucous masses and the extensive cellular 
infiltration of the bronchial walls Many of these cells are eosinophils 
While the microscopic evidence in this case points to infection as a 
probable etiologic factor in the production of the asthmatic attacks in 
this case, the clinical and neciopsy eMdence implicating the heart 
cannot be 03 erlooked 

Case 8 1908 A G Elhs Htstoiy — Coachman, aged 27, had been 
under treatment for tachycardia and bronchial asthma during the piecedmg 
year, and the da> before death was admitted to the hospital during an asthmatic 
attack, with severe expiratory dyspnea, cough and cyanosis of face and extrem- 
ities The attack persisted and the patient collapsed and died the following day 

Necropsy Report Anatomic Diagnosis Hypertrophy of the left ventricle, 
dilatation of the right ventricle, pulmonar 3 '^ emphysema, purulent bronchitis, 
exudative bronchiolitis 

Maci oscopic Examination — The lungs are distended and entirely cover the 
pericardium The right lung is slightly adherent to the thoracic wall and 
both lungs on sections show shin}’^, often greenish-colored plugs in the smaller 
bronchi 

Mtci oscopic Examination —Sections taken from various parts of both lungs 
reveal the following changes The alveoli are distended only in patches and 

11 Ellis A G Pathological Anatomy of Bronchial Asthma, Am T M Sc 
136 407, 1908 
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those bordering the bronchi contain mucus, some leukocytes and a few eosino- 
phil cells The capillaries are uniformly engorged The lumina of most of the 
smaller bronchi, from 0 13 to 0 16 mm in diameter, are partly or entirely filled 
with a slightly granular mucus ivhich is often arranged in distinct spiral form, 
the peripheral portions being less dense and containing a greater number of 
cells These cells are chiefly polymorphonuclear leukocytes, among which are 
degenerated epithelial cells The epithelium is mostly intact and averages about 
7 microns in height The bronchi, from 02 to 0 45 mm in diameter, contain 
mucus, sometimes with spiral arrangement Some of the epithelium is retained, 
other portions are separated en masse from the basement membrane and in one 
place an eroded blood vessel is exposed In bronchi 0 8 mm in diameter the 
amount of mucous material and desquamated epithelial cells vanes, and some of 
the cells are much elongated (35 microns) In all these bronchi the mucus is 
arranged in layers, as is shown by the distinct longitudinal rows of cells A 
few polymorphonuclear eosinophil cells are present in the lumma of all the 
bronchi The walls of the bronchi and of the adjoining alveoli are infiltrated 
with leukocytes, the inner layer of the wall near the epithelium containing 
chieflj polymorphonuclear leukocytes, the outer layer containing chiefl> large 
mononuclear cells with vesicular nuclei Among these cells, especially in the 
middle sized bronchi, there are varying numbers of polymorphonuclear eosino- 
phil cells The capillaries m the walls are dilated and in some places small 
hemorrhages are found The tunica propria and the basement membrane 
appear hyalin in some places There is no change m the muscle or elastic 
tissue, and the connective tissue is not appreciably increased The larger 
blood vessels of the lung contain more than the usual amount of blood and one 
contains a small thrombus 

Comment — The most impoitant findings in this case are pleural 
adhesions of one lung, occlusion of many of the smallei bronchi by 
mucous masses and the cellular infiltiation of the bronchial Avails The 
extensne cellular infiltration of the bionchial wall shoAvs that a chronic 
infection was piesent at death Without considering the clinical data, 
these tAA'’o facts point to infection as a possible etiological factor in this 
case of bronchial asthma, but the presence of many eosinophil cells 
suggests an allergic pathogenesis 

Case 9 1909 Monckebeig'” Histoiy — Male, aged 29, mason Previous 

illnesses, pneumonia in twelfth and again m eighteenth j'ear Psoriasis in twenty- 
fourth 3 'ear After serving in the army M'lthout any sickness from his twentieth to 
his tu entj'-second year, he first noticed in his twenty-fifth summer an irritating 
cough and dyspnea following a rapid march He tried to be exempted from 
participation in some military maneuvers later that j^ear because of this trouble, 
but failed At this time, Avhile m his quarters at night, he had severe attacks 
ei erj four to eight daj s, and was later released from service Following this, 
sei ere attacks came more frequently, often from five to six times daily, and 
for the rest of his life, about four j’ears, he gradually grew worse, except for 
transient periods of improvement A short time before death he entered the 
hospital because of dj'spnea and a generalized edema At this time he had a 
constant dj'spnea which increased in severity, came in attacks every two or 
three hours and was relieved by coughing up much tough, mucus, containing 
numerous spirals, eosinophil cells and leukocj'tes The lung borders were not 
moi able, and numerous vesicular and ringing rales were heard on expiration The 
heart w as rapid and irregular and the blood contained an increased number of 


^lonckeberg, J G Zur Pathologischen Anatomic des Bronchialasthmas, 
Vcrhandl d deutsch pathol Gesellsch 14 173, 1909 
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eosmophile cells The urine was not decreased m amount Death followed a 
series of severe attacks 

Necropsy Report Anatomic Diagnosis Desquamative bronchial catarrh 
with hypersecretion of inucusj spiral formatioUj eosinophilia and asthmatic 
crystals, vesicular emphysema, bilateral complete adhesive pleuritis , isolated 
chronic and fresh tubercles in both lungs and in the hyperemic enlarged lymph 
glands 

Maci oscopic Examination — ^\¥ell-dev eloped and well-nomished male with 
geneialized edema Abdominal cavity contains much clear yellow fluid Thorax 
ban el-shaped Both pleural cavities are completely obliterated by adhesions 
The right heart is markedly dilated and its walls thickened The myocardium 
IS a pale yellowish-brown color No valvular changes The mediastinal and 
bronchial lymph glands are large, soft and led Both lungs are dilated The 
cut surf^ace of the lungs shows all the largci and most of the smallei bionchi 
to be completely occluded by tenacious, yellowish-white branching masses The 
bronchial walls are thickened and show two distinct zones, a thin inner grayish- 
yellow zone and an outer reddish zone The chief bionchi contain only some 
tenacious mucus not adherent to the wall The remaining organs show the 
usual findings of a chronic passive hjpeiemia 

Mici oscopic Examination — klost of the emphj''sematous end branches of the 
bronchi and the alveoli are empty, a few containing fluid and epithelial cells 
and having thickened walls, some of which are infiltrated by mononuclear and 
poljunorphonuclcar cells, chiefly eosinophils The elastic fiber tissue is not 
increased, but the muscular tissue in the alveolar and lobular septa is increased 
The pulmonary artery is thickened and sclerotic throughout and some branches 
contain organized thrombi There arc a few scattered new epithcliod miliary 
tubercles in the thickened cell-infiltrated connective tissue about the larger 
bronchi The walls of the pulmonaiy veins are diffusely thickened All capil- 
laries are engorged by blood, and in places there are extravasations of erythro- 
cytes into the tissue The bronchioles up to the diameter of 0 2 mm are either 
empty and with intact epithelium, or they contain bands of desquamated epithelial 
cells with interwoven cilia, a few “Hcrzfehlerzcllen” and some mucus There 
are no inflammatoiy changes in the thin muscular layer of these dilated 
bronchioles The lumen of bronchioles, from 02 to 04 mm in diameter, con- 
tains somewhat more well-presen ed desquamated epithelium, round cells and 
detritus, and the walls contain a few mononuclear and polymorphonuclear 
eosinophil cells The bronchial branches from 04 to 0 5 mm diameter have a 
stronger muscular layer, which is frequently inteirupted by diverticula oi crypt- 
like protrusions of epithelium (Sclileimhautausstulpungen) The epithelium is 
mostly intact, and at the crests of the folds is crowded together and appears 
elongated The lumen contains cellular detritus, mucus, epithelial cells and 
round cells, often arranged in whoillike thickenings The walls aie infiltrated by 
many round cells The walls of bronchi, from 0 5 to 1 mm m diameter, contain 
small cartilages and mucous glands, the muscular layer is maikedly developed 
and the cryptlike diverticula aie more numerous and some are branched The 
mucous glands which are in active secretion open into some of these diveiticula 
The broadened and hyalinized basement membrane continues into the 
diverticula, but the muscular layer is interrupted at the necklike opening of 
these structures The epithelium is thickly crowded, and on the crests of the 
folds IS arranged tuftlike and in places is much elongated, especially in the 
diverticula where these cells contain much mucus The lumen of these bronchi 
IS almost filled by mucus m which there are varying numbeis of isolated or 
groups of desquamated ciliated epithelial cells, mononuclear and polymoiphonu- 
clear eosinophil cells, Charcot-Leyden’s crystals and cellular detritus These 
constituents are often arranged in twisted thickened lines and ai ranged in rows 
The whole bronchial wall is thickened and infiltrated by round cells In the 
bronchi, from 1 to 3 mm in diameter, the walls are thickened, hyperemic and 
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thicklj infiltrated by round cells, the lymphoid follicles and mucous glands are 
enlarged, the muscular layer hypertrophic, the diierticula more numerous, and 
the epithelium single-layered and greatly elongated The content of the lumen 
IS the same as that in somewhat smaller bronchi In the chief bronchi mucus 
exudes from the gland ducts and spreads over the epithelial surface The 
hvperemic bronchial glands contain a few fresh epitheloid tubercles 

Comment — The most impoitant points in this case are History 
of pneumonia at 12 and again at 18, relief from dyspnea after raising 
masses of mucus, bilateral adhesive pleuritis, complete occlusion of 
most of middle sized bronchi by mucus, thickening of the bronchial 
walls, apparent hypertiophy of bionchial musculature, cryptlike struc- 
tures in the bionchial walls, cellular infiltration, largely eosinophilic, 
of the bronchial walls, enlargement of the mucous glands and epitheloid 
tubercles The history of pneumonia, the bilateral adhesive pleuritis 
and the cellulai infiltration of the bronchial walls all point toward 
infection as a possible etiology in this case, but an allergic pathogenesis 
is also indicated by the extensive eosmophilia The hyperti ophy of the 
musculature is no doubt due to the foui yeais of almost continuous 
asthmatic attacks of dyspnea The finding of large mucous glands and 
of the cryptlike structures in the bionchial walls is significant 

Case 10 1911 Hermann Heizer” Histoiy — Child, aged 2 years Family 

history negative Eczema since fourth month First attack of dyspnea at 9 
months Attacks often followed exposure to wind or dust, and were accom- 
panied by cyanosis, chest noises and the production of a large amount of tena- 
cious sputum Death followed an attack 

Necropsy Report Maaoscopic Examination — Lungs distended Heart 
enlarged and right i^entncle thickened Trachea and large bronchi contain a 
purulent secretion All lymph glands of the body are greatly enlarged 

Mict oscoptc Examination — The alveoli vaiy in size, some of their walls are 
thinned and some are ruptured Some bronchi are dilated and occluded by 
masses of mucus containing leukocytes and epithelial cells The walls of the 
large bronchi are thickened by infiltrating cells and distended capillaries The 
bronchial mucous glands are markedlj enlarged and their ducts filled with 
mucus 

Comment — The most significant findings leported are the history 
of eczema foi months and of attacks following exposure to wind and 
dust, the generalized enlaigement of the lymphoid tissues, hypertrophy 
of light lentncle, thickening of the walls of the bronchi by cellular 
infiltration and capillary distension and the occlusion of many bronchi 
b}^ mucus The clinical histor}^ points to both foods and inhaled dust 
(animal or plant) as probable etiologic factors m the production of 
the attacks of d 3 fspnea 

Casf 11 1913 M M Tichmeneff” Hixtoiy — Female, aged 29, college stu- 

dent No hereditary peculiarities Nasal catarrh since early childhood Fol- 
lowing an attack of croup in the eighth year, asthmatic attacks lasting from 


13 Heizer, H Dissertation, Munchen, 1911 

14 Tichmencff Bronchial Asthma with Death, Prakt Vratch 12 S62, 1913 
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two to three days came on four or five times each year, usually m the spring 
and fall, and on two occasions in later years required hospital care During 
an attack three weeks before death she entered the hospital with a severe very 
productive cough, and on examination showed the characteristic posture, diffi- 
cult whistling expiration, limited excursion, some emphysema, numerous 
whistling, buzzing rales, normal heart and normal digestive, nervous and urinary 
systems Pulse, 112, temperature, 37 5 C Hemoglobin, 87 per cent , erythro- 
cytes, 5,690,000, leukocytes, 15,200, showing by differential count lymphocytes, 
26 per cent , transitionals, 4 per cent , neutrophils, 60 per cent, and eosinophils, 
7 per cent Sputum contained many pus cells, Qiarcot-Leyden’s crystals, 
Curshmann's spirals and eosinophil cells Urine contained a trace of albumin 
The attack of asthma subsided in three to four days and pneumonic symptoms 
appeared Two days before death a severe gastro-intestmal hemorrhage began 
and continued until death 

Clmtcal Diagnosis — Bronchial asthma, left-sided exudative pleuritis and 
pneumonia, ulcer of the stomach or duodenum 

Necropsy Report Mactoscopic Examination — ^The left pleural cavity is 
partially obliterated by fibrous adhesions and contains 300 c c of a purulent 
exudate The left upper lobe contains a small cavity and a row of small con- 
solidations from winch pus exudes on pressure The right lung is soft and 
exudes a mucopurulent fluid The pericardial sac contains a small amount of 
clear yellowish fluid Heart 9 by 9 cm , myocardium pale, large vessels 
unchanged Spleen pale and flabby Liver 3 'ellowish Kidneys pale Stomach 
mucosa normal Large duodenal ulcer 5 cm from the pylorus showing eroded 
blood vessels 

Microscopic Examination — Slight brown atrophy of the heart In the lumen 
of some of the small bronchi there is an exudate which contains many round 
cells and leukocytes The tightly crowded columnar epithelial cells are much 
elongated and are arranged m several rows as if in increased proliferation 
All the layers of the bronchial wall are considerably thickened, due to an 
increase in connective tissue, round cell infiltration, and hypertrophy of the 
muscular layer Some of the bronchi arc dilated, their walls markedh infil- 
trated by round cells, and are surrounded by areas of pneumonic infiltration 
The cavity is a typical bronchiectatic caviU 

Comment — The most significant pathologic findings are blood 
eosmophiha, 7 pei cent , adhesive plenntis and inciease in thickness 
of the bronchial walls due to accumulation of round cells, hypertrophy 
of muscle layer and increase m connective tissue This appears to be 
a true case of bronchial asthma in which death was due to an intestinal 
hemorrhage The etiology of the attacks cannot be determined, for 
the history and the clinical and necropsy evidence point to infection 
as a possible causal agent, while the eosmophiha points to an allergic 
pathogenesis 

Case 12 1916 Marchand"® J/wffiry —Female, aged 53 Hereditary pecu- 

liarities Mother died of asthma and capillary bronchitis History of present 
illness Capillary bronchitis since 17 and asthmatic attacks since 30 She 
first entered the hospital m her forty-third year suffering from bronchial 
asthma, pulmonary emphysema and chronic laryngitis, and left six weeks 
later much improved Ten years later, about two weeks before death, she 
returned to the hospital, following an attack of six weeks’ duration suffering 
from dyspnea , severe cough with much expectoration, headache, insomnia and 

IS Marchand F Beitrag zur Pathologic und pathologischen Anatomic 
des Bronchialasthmas, Beitr z path Anat u z allg Path 61 251, 1916 
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loss of appetite The attacks came chiefly at night The examination showed 
a marked dermographia , cyanosis of the lips and fingers, barrel-shaped chest, 
labored respiration, lung borders on both sides anteriorly at the seventh rib 
and posteriorly at the twelfth spinous process, boxy percussion note all over 
the lungs , deep humming inspiration , prolonged loud, shrill, whistling expira- 
tion , heart action accelerated but with tones clear Roentgen-ray examination 
Diaphragm contracted and with limited motion, distinct hilum shadows, 
marked pulsation of the right ventricle 

She raised a large quantity of a tenacious mucous sputum which contained 
some spirals, numerous eosinophil cells, but no crystals The blood showed a 
leukocyte count of 12,600, of which 12 per cent were eosinophil cells Temper- 
ature, 37 C The blood serum was very toxic for animals, 0 05 c c causing 
death of a gumea-pig After standing one and one-half hours, the serum 
contained many crystals Following a severe attack of two hours’ duration, 
the patient collapsed and died 

Necropsy Report Anatomic Diagnosis — Severe mucous bronchitis Vesicu- 
lar emphysema Black circumscribed subpleural indurations in both apices 
Recent tuberculosis and hypertrophy of the bronchial lymph glands Fibrous 
induration and calcification of bronchial glands Nodular colloidal goiter 
Right ventricular hypertrophy and early fatty degeneration of the myocardium 
Hyperemia of brain Chronic perimetritis Slight atrophic granular kidney 
Hypertrophy and hyperemia of spleen 

Macroscopic Examination — The body is that of a small well-preserved 
female, weighing 48 kg The tips of the fingers are cyanotic The thorax is 
not arched The brain shows no signs of disease The diaphragm is at the 
sixth rib on the right side and m the fifth intercostal space on the left side, 
and is contracted The lungs do not collapse when the chest is opened, almost 
completely cover the pericardial sac, and are attached to the chest wall by 
many stnnglike adhesions A fatty remnant of the thymus is present The 
pericardial sac contains a small amount of a clear yellowish fluid The heart 
is contracted and the right ventricle appears to be increased in size The 
valves are slightly thickened The foramen ovale is not completely closed 
The alveoli in the anterior borders of the lungs are markedly dilated The 
cross section of the upper lobes are bluish gray and the outer portions are 
soft and edematous The lower lobes are firmer and filled with blood Most 
of the smaller bronchi m both uppei and lower lobes are completely filled by a 
tenacious transparent material, which on cross section protrudes and can be 
drawn out as threads several centimeters long In some places these threads 
appear as yellowish, opaque masses The larger bronchi contain a more fluid 
j ellowish gray material The lower lobes are fairly dry except for the congested 
areas Beneath the pleura of both apices there are a few hard black thickenings 
1 cm 111 diameter The mucosa of the trachea, larynx and nasal cavities is not 
essentially changed 

The th 3 Toid is slightly enlarged and contains a small colloid nodule 

The bronchial glands are large and soft, the gland at the bifurcation of the 
trachea being as large as a pigeon egg and containing numerous grayish 
nodules One gland at the hilum of the right lung contains a calcified nodule 

The spleen is enlarged, firm and congested 

Mici oscopic Evammation — Blocks of tissue from all parts of the lungs, from 
bronchial glands, trachea, ethmoid region and the middle turbinate were fixed 
in liquor formaldehyd, alcohol or Zenker’s fluid, and the sections stained with 
^arlous stains’” 

The upper lobes show a vesicular emphysema with the formation of some 
large ^ esicles The bronchioli respiratorii are for the most part empty, vary 
considerablj' m size up to 0 1 mm and are lined b}’' a low epithelium, some of 


16 The detailed descriptions of the sections and of the special form of 
cr^stals are omitted in this paper 



HUB ER-KOESSLER— BRONCHIAL AST HMA 


;o3 

which IS ciliated and measures 0009 mm Bronchioli, from 0 5 to 1 mm m 
diameter, are filled by an homogenous mass containing a few cell elements 
which IS adherent to the epithelium In some of the smaller bronchioli a 
transparent, almost homogenous, layer covers the epithelium, the central por- 
tion being patent This laj er stains poorly, contains a few mononuclear cells, 
alveolar epithelium, and shows on high magnification a netlike structure which 
stains with Weigert’s stain like fibrin The cylindrical epithelium of the 
smaller, middle-sized bronchioli is mostlj’’ intact, and is heaped up and 
deformed only in the angles between folds There are no mucous glands 
present, but the mucheinatem stain shows numerous goblet cells in bronchioles 
1 mm in diameter The smaller bronchi contain a longitudinally streaked 
mucous material, with rows of cells and spirals having distinct central threads 
The cellular content of the smaller bronchioles is scanty, while in the larger 
there are numerous round or elongated polymorphonuclear eosinophil cells 
which are often arranged in clumps, numerous polymorphonuclear leukocytes, 
some mononuclear, large, pale, swollen cells (alveolar epithelium), and in the 
larger bronchioli a few mast cells In bronchioli, from 0 5 to 08 mm in 
diameter, the epithelium varies in thickness from 0025 to 004 mm, and in 
bronchi from 3 5 to 4 mm m diameter, it i aries from 0 05 to 0 06 mm in thick- 
ness The content of the larger bronchi and the trachea is composed of much 
well-preserved ciliated epithelium, many large markedly swollen round cells 
which contain droplets of myelin material, granular cells resembling eosino- 
phil cells, a few Charcot-Leyden’s cr 3 ’-stals and numerous crystals which are 
different from the Charcot-Leyden’s crj'stals The trachea also contains several 
clumps of bacteria, most of which resemble the influenza bacillus The epi- 
thelium of the larger bronchi and the trachea contains numerous goblet cells 
and is infiltrated by a few leukoc}i:es, eosinophil cells and mast cells The 
nasal mucosa over the free borders of the turbinates is thickened and infil- 
trated by cells 

The vails of all the bronchioles are more or less infiltrated by round cells 
of different kinds, the Ij niphoid oelements being most numerous and often 
grouped to from small nodules under the epithelium and m the outer layer 
The other kinds of cells, which frequcnth' separate the muscle bundles, are 
(o) large mononuclear basophilic cells often grouped around the acini of 
mucous glands , (6) eosinophils , (c) mast cells \ arying greatly in size and lying 
chieflj’- close to the epithelium, (d) a few poh morphonuclear leukocytes 

The mucous glands of the larger bronchi and the trachea show a more or 
less active secretion with transformation of the cylindrical cells of the duct 
into goblet cells The gland cells are for the greater part markedly swollen 
and filled with mucus 

The blood smears and nb-marrow preparations contained numerous eosino- 
phil cells, while the spleen contained only a few such cells The lymph glands 
at the bifurcation of the trachea are enlarged and contain a small tubercle 
with some caseation and giant cells 

Comment — The most important pathologic findings aie complete 
occlusion of most of the smaller bronchi, cellular mfiltiation m the 
bronchial wall, enlargement of the bionchial mucous glands and the 
numerous eosinophil cells in the bronchial wall The histor}’- of 
bronchitis since the seventeenth year and of asthma beginning m the 
thirtieth year, the necropsy finding of maiked cellular infiltration of 
the bronchial walls, point to infection as a piobable etiologic factor m 
this case, but the eosiiiophiha indicates an alleigic pathogenesis 

Case 13 1916 Marchand” Htstojy—Mrs T B , aged 45 Previous his- 

tory The patient has had two severe attacks of asthma in the year preceding 
her entrance into the hospital where she had a third fatal attack 
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Necropsy Report Anatomic Diagnosis —M.a.TktA fibrinous bronchitis with 
obturation of the left bronchus, fibnnomucous tracheitis, purulent bionchiolitis , 
marked pulmonary emphysema , healed right apical tuberculosis , fibrinous lob- 
ular pneumonia, cyanosis of the liver, spleen and kidney, small hemangioma 
of the liver, accessory spleen in tail of pancreas 

Mactoscopic Eramination —Small emaciated woman ^\lth scanty fatty and 
muscular tissues Diaphragm on right side at fourth rib and on left at fourth 
interspace Heart not enlarged Left \eiitricle, 8 mm and the right 3 mm 
m thickness 

The lungs do not collapse when the chest is opened There are a few adhe- 
sions to the sternum Both lungs are large and light The posteiior portion 
of the right upper lobe contains a few hazelnut-sized areas with caseous cen- 
ters On cut section the lung tissue is dry and contains little blood The left 
chief bronchus and its branches are almost completely occluded by a tenacious 
exudate The middle-sized bronchi contain glassy tenacious mucus and the 
finer branches contain a more fluid yellowish turbid exudate The mucosa 
of the chief and smaller bronchi is swollen and reddish The trachea contains 
an adherent mucous mass which extends into the right main bronchus The 
peritracheal and peribronchial lymph glands are enlarged and contain no 
nodules The liver extends two fingers below the costal margin The spleen 
IS not enlarged 

Microscopic Examination — The lungs were fixed in liquor formaldehjd and 
preserved in alcohol A large number of blocks of completely infiltrated and 
air-fiiled portions of the tissue were taken, but the original positions of these 
blocks could not be established later The cross section of the eiijudate filled 
bronchi appears as whitish round disks in both the infiltrated and air-containing 
portions The parenchyma of the infiltrated portions of lung resembles a 
catarrhal lobular pneumonia and contains many polymorphonuclear neutrophil 
cells, but no eosinophil cells The parenchyma of the air-containing portions 
shows a moderate degree of emphysema 

The content of the lumen of the small and middle-sized bronchi in both air- 
containing and infiltrated portions is made up of homogenous, transparent 
mucus which has in many places a streaked appearance and which contains 
many closely crowded polymorphonuclear neutrophil cells but no eosinophils 
The cylindrical epithelium is fairly well retained and contains a few globlet 
cells The walls of the bronchi are thickened and contain, especially in the 
outer lajer and between muscle bundles, many mononuclear lymphoid cells, 
although the blood-filled vessels contain no cells of this type and show no 
evidence of their migration In some of these bronchi there are numerous 
eosinophil cells, either rowlike, scattered or clumped between connective tissue 
bundles, and most numerous in the inner layers The eosinophil cells also 
intermingle with the lymphoid cells in the outer portion of the lymph nodules 
There is no definite relation between accumulations of eosinophil cells and 
the blood vessels These cells vary m shape and size, m number, distribution, 
intensity of staining property and size of granules, and in morphology and 
size of the nucleus All transitions of nuclei from the mononuclear to the 
polj morphonuclear are visible There are no Charcot-Leyden’s crystals among 
the eosinophil cells or in the bronchial wall 

The lumma of some of the larger bronchi, as shown m pictures, are com- 
pletely occluded by a transparent exudate which is adherent to the wall and 
IS continuous w’lth the content of the gland ducts The epithelium is partially 
desquamated and in places necrotic The tissue of the walls is markedl> infil- 
trated b> cells, chiefly polymorphonuclear neutrophils and eosinophils The 
latter predominate m some portions of the wall, and with the neutrophils are 
seen penetrating the hyalin tunica propria A few Charcot-Leyden’s crystals 
also are present The blood vessels are engorged with erythrocytes, among 
which there are a few mononuclear and polymorphonuclear leukocytes, none 
being eosinophilic The cells of numerous large mucous glands in the w'all are 
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distended by mucus, as are also many of the duct cells In some portions of the 
wall there are circumscribed or diffuse collections of lymphocytic cells 

The left chief bronchus from 1 to 3 cm from the bifurcation is almost 
occluded by an exudate and its epithelium partially desquamated The raucous 
gland ducts are filled by mucus and the cells of the ducts and acini are dis- 
tended The mucosa is markedly infiltrated by round cells, partly mononuclear 
and partly polymorphonuclear, and many eosinophil cells Some Charcot- 
Leyden’s crystals are present in the walls and on the surface of the mucosa 
The content of the lumen is composed of mucus and fibrin which show a spiral 
arrangement In some places well-formed spirals with central threads are 
seen 

Many eosinophil cells and Charcot-Leyden’s crystals are found in the 
mucosa of the trachea In some of the thin paraffin sections small groups of 
organisms resembling the diphtheria bacillus are seen 

Comment — The most significant findings in tins case are (1) The 
complete occlusion of many of the larger, middle sized and smaller 
bronchi by mucous masses (2) Marked cellular infiltration of the 
walls of the bronchi (3) Presence of eosinophil cells, scattered or 
grouped, in the walls of the trachea and some of the bronchi 
(4) Presence of Charcot-Leyden’s crystals in the walls of the trachea 
and m some of the bronchi (5) Distension of the cells of the mucous 
glands and their ducts by mucus 

The etiolog}^ of the asthmatic attacks in this case has not been 
determined The history of the asthmatic attacks coming on in the 
last year of life in a person 45 yeais of age, and the evidence of 

infection in the walls of the bronchi, point to bacteria as probable 

factors in the production of the attacks, but the extensive eosinophilic 
infiltration of the bronchi points again to an allergic pathogenesis 

Case 14 1918 Marchand ” Htstoiy — Male, aged 48, worker m chemical 

factory Family history Aunt had asthma Previous illnesses None When 
about 44 years of age he began work in a chemical factory and frequently 
inhaled poisonous fumes Before quitting this work, two years later, he had 

his first attack of asthma after exposure to fumes After this he often had 

marked dyspnea on exertion and his work was interrupted frequently, the 
dyspnea being always more noticeable in damp weather After a free period 
during the following summer the attacks returned, accompanied by cough 
with the raising of a tenacious mucus, and the patient was often compelled 
to remain in bed for several days About ten weeks before death both legs 
began to swell and he entered the hospital with the following findings Edema 
and cyanosis of face, high grade inspiratory dyspnea, prolonged whistling 
expiration, lung lowered and immovable, heart and abdomen negative, sputum 
scanty, tenacious and containing crystals and eosinophils , urine negative 
The blood was examined several times during the stay in the hospital and 
showed an eosinophilia averaging about 4 per cent The blood pressure 
ranged from 135 systolic and 85 diastolic on entrance to 86 systolic and 
60 diastolic two weeks before death The patient’s condition gradually became 
worse and about nine weeks after entrance, he died 

Necropsy Report Anafoimc Dtagno ns— Catarrh of the bronchial mucosa, 
catarrhal rhinitis with retained mucus in the left maxillary sinus , diffuse 


17 Marchan^ F Em neuer Fall von Asthma Bronchiale mit anatomischer 
Untersuchung, Deutsch Arch f klin Med 127 184, 1918 
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vesicular pulmonary emphysema, slight hypertrophy of the right ventricle, 
bronchial asthma 

Macioscopic Evavimatwn — The lower part of the thorax is widened The 
lungs are expanded and cover the heart The bronchi up to the smaller branches 
are filled by yellowish-white tough masses which can be pulled out like threads 
The left antrum of Highmore is completely filled by a tough opaque bluish secre- 
tion The bronchial glands are not enlarged The right auricle and ventricle are 
dilated and the walls thickened 

Miaoscopic Evmnmaiion — The mucous membrane of the nasal septum, 
turbinates and trachea contains many distended capillaries and is infiltrated by 
round cells, many of which are eosinophilic The fresh secretions from the 
trachea and principal bronchi contain many prismatic crystals similar to those 
described in a previous case (Case 12 Marchand’s first case ) The lumen of 
the bronchi 5 mm in diameter contains only a small amount of mucus in which 
are desquamated cells, leukocytes, round cells and a few eosinophils The 
epithelium is mostly desquamated The mucosa is unevenly thickened, its 
capillaries engorged and all layers contain numerous eosinophil cells which 
are often arranged m masses near the hypertrophied muscle layer The mucous 
gland cells are swollen and contain no eosinophil cells Smaller bronchi have 
a similar structure and are filled with mucous masses which have typical spiral 
arrangement The smallest bronchioles and the alveoli are not essentially 
changed One lymph gland contains a small tubercle 

Comment — The most important points in this case are the complete 
occlusion of many smaller bronchi, enlargement of the mucous glands, 
hypertrophy of the muscle layer and the large number of eosinophilic 
cells infiltrating the bronchial walls 

Case 15 1921 N Kamchorn and A G Ellis Male Siamese, actor 

and fishmonger, aged 52 Family history of asthma in four generations 
Father’s mother father one uncle, one aunt, and one child Infrequent 
asthmatic attacks began in childhood and gradually became more frequent Three 
months before admission to the hospital the feet and legs began to swell 
On entrance eleven days before death, there was a marked edema, cyanosis 
and respiratory dyspnea Coughing produced a tough white sputum The 
heart sounds were faint and rales were heard over the bases of both lungs 
Treatment gave no relief and death resulted from failure of the heart 

Necropsy Report Anatowic Diagnosis — Summary Hypertrophy and 
dilatation of right ventricle , dilatation of right auricle and left ventricle , bilat- 
eral chronic adhesive pleuritis , partial atelectasis of left lung and lower lobe 
of right lung , vesicular and interstitial emphysema of right upper and middle 
lobes, acute bronchitis of left lung and right lower lobe, congestion of spleen, 
kidnc} s, stomach and liver , anasarca , multiple serous effusions 

Macioscopic Evaimnation — Body edematous All serous cavities, except the 
obliterated left pleural sac contain much fluid The right ventricular wall is 
1 cm thick The left lung and the right lower lobe are collapsed and their 
cut surfaces are dark bluish red in color The middle sized and smaller 
bronchi contain a moderate amount of tenacious mucus and the mucosa is 
intensely red The right upper and middle lobes are overdistended but on 
pressure and on incision exude frothy serum The bronchi in these lobes are 
empty and the mucosa is pale m color 

Mic) oscopic Eraminaiion — The bronchial exudate contains much mucus, 
tj pical Curshmann’s spirals, columnar epithelial cells and an occasional eosino- 
phil cell The epithelium of the bronchioles m the collapsed portion of the lungs 
IS desquamated and its place occupied by polynuclear and mononuclear leuko- 


18 Kamchorn, N , and Elhs, AG Am J M Sc 161 525, 1921 



HUBER-KOESSLER— BRONCHIAL ASTHMA 


707 


Ci tes The bronchial walls are infiltrated hy mononuclear cells The epithelium 
of the middle sized bronchi is partialb' desquamated There is no evidence of 
increased fibrous tissue and of thickening of the bronchial wall and the mus- 
culans mucosa does not appear abnormal The bronchi m the distended portions 
of the lung have much less marked changes 

Comment — ^The following points are the most important m this 
case The history of asthmatic attacks since childhood and the 
microscopic eiidence of an extensive respiratory infection sometime 
during life, as shown by the extensne lotind cell infiltration of the 
subepithelial layer of the bronchial tree The hypertrophy of the wall 
of the right lentricle is probably due to the extra load thrown on 
pulmonic circulation during attacks The remaining pathology in this 
case IS probably dependent on the failing heart 

MODE or PROCEDURE EMPLOYED IN THIS STUDY AND A 
DESCRIPTION OF THE NORMAL BRONCHIAL STRUCTURES 

Before discussing in detail the larious changes involving some of 
the different structures which may be implicated in the production of 
bronchial stenosis, i e , the smooth muscle fiber system, the mucosa, 
the glandular sjstem, the blood vessels and lymphatics and the nerves, 
we deem it proper to give a brief description of the finer anatomy of 
the normal bronchial structures 

When possible, in all cases studied, the intact lung was fixed either 
in liquor formaldehyd or in Zenker’s fixing fluid, and each lobe was 
sectioned as described so that the blocks of tissue gave either cross 
or longitudinal views of the main branching of the bronchial tree 
from the hilum to the pleural surface (Fig 1) The cioss sections 
for microscopic study ivere taken as nearly as possible from the plane 
at right angles to the central axis, as it is clearl)’- seen that sections 
through oblique planes must give a distorted picture of the structures 
The sections n ere stained with hemotoxyhn and eosin and V an Gieson’s 
and Mallory’s connectiie tissue stains 

We have examined microscopically the lungs of several peisons 
v Inch should have shown, according to the history and the maci oscopic 
examination, practically normal structures, yet we have found in all 
of them some pathologic changes, i e , foci of round cell infiltration, 
tubercles, calcified cartilages, capillar}^ dilatation or other changes 

19 Oppel Lehrbucli der vergleichenden mikroskopischen Anatomie 6-7. 
Miller, W S Reference Handbook Medical Sciences, Am Rev Tuberc 2. 
(May) 1918,2 (Jan) 1919, Anat Rec 5 (March) 1911, Bull Robert Koch 
Tuberc (Feb 11) 1913, (April 20) 1916, Anat Anz 28 
1906, Contributions to Embryology, No 38 Larsell, O Nerve Terminations 
in the Lung of the Rabbit, J Compar Neurol 33 105, 1921 Baltisberger, W 
Ueber die glatte Muskulatur der Menschlichen Lunge, Ztschr f Anat m 
Entwicklungsgeschichte 61 249, 1921 
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which distorted the normal picture m some particular These findings, 
m accordance with similar reports from others, show that few of us 
escape the marks left by acute or chronic respiratory infections which 
are capable of altering the normal tissue 

The principal bronchi enter the hilum of the lung and divide and 
subdivide qmckly several times into smaller tubes, which when they are 
reduced m size to from 0 5 mm to 1 mm inside diameter, are termed 
bronchioles These bronchioles divide to form the atrium, air sac 
(infundibulum), and the air cell (alveolus) 



Fig 1 —Diagram showing the method used for obtaining the blocks of lung 
tissue which contain the parts of the bronchial tree studied The figures give 
the actual thickness in millimeters of the blocks used The black dots along 
the bronchial margin indicate the side of the block from which the sections 
were taken for study The measurements and sections shown in this diagram 
correspond to those actually obtained in Case 6 

The structure of all these divisions is, in general, the same, the 
ariangement, diminution or disappearance of any layer being incidental 
to the reduction in the size of the tube We shall discuss briefly the 
following structures The epithelium, basement membrane, sub- 
epithelial tissue, muscle, mucous glands and the outer fibrocartilaginous 
layer 

Epithehuvi — ^The epithelium in the trachea and larger bronchi is 
made up of two or three layers, a deep layer of small, closely approxi- 
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mated cells, which m places has the appearance of two layeis of cells, 
and a lining layer of ciliated columnar cells from which processes 
extend and attach to the basement membrane In this lining layer there 
are also the goblet cells, which are most numerous in the larger bronchi 
and giadually disappear as the size of the tube deci eases, but may be 
found even in the bronchioles The epithelium also gradually changes 
m charactei from the layered ciliated type m the large bronchi to the 
single layer of ciliated oi noncihated cuboidal cells or flat cells in the 
bronchiole This epithelium throughout is thrown into shallow longi- 
tudinal folds 

Basement Memhane — The well-marked basement membrane on 
which the epithelium rests forms a thin compact layer, containing a 
few spindle shaped cells, and is pierced here and theie by gland ducts 
and by processes passing into the epithelium 

S'nbeptthehal Tissue — The layer of loose connective tissue which 
IS found just beneath the epithelium in all the divisions of the bronchi 
down to the bronchiole, has been designated by us the subepithehal 
connective tissue laj^er It contains numerous capillaries, fine elastic 
fibers, small round cells and connective tissue cells and intermingles in 
Its outer portion with the coarser elastic fibei layer This latter layer 
IS prominent in all the divisions of the bronchi down to and including 
the bronchioles, forming distinct longitudinal bundles of fibers which 
show some iiiegularities m the direction wheie gland ducts, vessels, etc , 
penetrate it In these places the fibei s may appear to foim distinct 
circular bundles 

Muscle — The desciiption of the nonstriated musculai system of the 
bronchial tree and the lung parenchyma in histologies, almost without 
exception, is vei} meagre and misleading, and few obseivers, who have 
made no special study of this system, appreciate its complicated struc- 
ture, extent and impoitance In the tiachea and m the mam bionchi 
with similai structure, the muscle tissue is practically limited to the 
posterior membianous part where it forms bundles that extend between 
the ends of the incomplete ring cartilages and the mteival between 
them, but, when these caitilages aie leplaced by ii regular plates in the 
further divisions of the bronchi, the muscle foims a more or less con- 
tinuous layer, the so-called “ring muscle” layer The fact is, that, m 
man at least, this layer is not a true img muscle, except piobably in the 
finer bronchi, but is made up of short bundles which join each other in 
such a mannei that a netlike sheath encircling the tube is formed, the 
general direction of the fibers being circular As the tube diminishes 
in size, the muscular layer becomes thinner and thinner, and in the 
respnatory bionchiole and m the lung parenchyma it is represented by 
only a few delicate fibers In certain lowei animals, e g , the turtle, 
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the distribution of smooth muscle fibers in the lung parenchyma is 
very striking 

The layer which connects the muscularis to the fibrocartilaginous 
layer consists of areolar tissue and contains mucous glands and muco- 
serous glands, blood vessels, nerves, and adipose tissue This layer is 
best developed in the larger bronchi and, as the size of the tube dimin- 
ishes, becomes progressively thinner, the glands being rarely found in 
tubes less than 1 mm inside diameter 

Glands — The gland system, like the muscle system, has not received 
the attention of the histologist that it deserves The glands are of the 
tubulo-alveolar variety and are distributed chiefly between the cartilages 
and the muscle layer about the whole circumference of the bronchus, 
but in middle sized and smaller bronchi they are best developed m the 
tissue between the edges of the cartilage plaques and may even appear 
outside the cartilages They are chiefly mucous glands but contain also 
a few crescents of Gianuzzi The acini aie lined by columnar epithelium 
and the ducts which often form ampullae-hke widenmgs on entering 
the mucosa are lined by cuboidal ciliated epithelial cells In certain 
animals, especially in rodents, gland tissue is absent in all the bronchial 
divisions within the lung In others where glands are present the 
proportion of mucous to serous gland tissue vanes greatly, thus in the 
sheep and the dog the serous glands are in preponderance while m cattle 
the amounts of serous and of mucous gland tissue are about equal 

Fib) ocaitilage Layct — The outer layer of the bronchial tree is 
composed chiefly of connective tissue which in all except the finer 
divisions of the bronchi contains cartilages These cartilages m the 
trachea and the primaiy bronchi form incomplete rings extending over 
the vential and lateral walls, but in further divisions of the tube are 
broken up into irregularly shaped plates of various sizes and are 
disposed over the whole circumference of the tube These plates 
gradually dimmish in size and number and are rarely present in tubes 
with an inside diameter of less than 1 mm The connective tissue, 
however, continues as a distinct layer into the much smaller divisions 
It is interesting to note here that cartilages are absent in that portion 
of the bronchial tree within the lungs of some small animals, chiefly 
1 odents 

Lyinphoid Tissue — This is found in all the mam branchings of the 
bronchial tree, the amount varying according to the size of the tube 
There are a few scattered cells of the lymphoid type in the subepithehal 
la} er but true follicles and nodes are found only outside the muscular 
layer Here these structures may he between the muscle and cartilages, 
in the tissue between the cartilages, or as is usual for distinct nodes, 
outside the cartilages The distinct nodes are usually located at the 
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point of bifurcation of the tube Small lymphoid follicles aie also found 
scattered in the wall of small bronchioles and even among the alveoli 
or beneath the pleura Distinct glands aie found about the trachea 
and largei division of the bronchi 

Blood Supply — The blood supply of the bionchial tiee is furnished 
by a special set of vessels, the bronchial aiteiies, branches of which 
aie found in all the divisions of the bronchus down to the bronchiole 
The main branches of this aiteiy aie situated in the outei fibrous coat 
of the bronchus, numeious radicles being given oft to form plexuses 
which supply blood to the glands, muscles and other stiuctuies, the 
capillaiy netwoik being especiall} iich in the subepithehal layer 

N'eives — Neives and neive ganglia are found m the walls of all 
divisions of the bronchial tiee down to the bronchiole, usually lying in 
close apposition to the blanches of the bronchial arter}’’ 

REPORT OF CASES 

Case 1 — Mrs B , aged 55, married, American, was first seen by one of 
us (K) in April, 1915, suffering from frequent seveie attacks of spasmodic 
dyspnea 

Family Histoiy — Negative 

Pievwus Hisfoty — At 44 she had had a severe tonsillitis and one attack of 
severe abdominal pam (appendicitis ’), but after that time she was well until 
April, 1913, when she suffered from an acute corjza and" severe cough lasting 
three weeks During the following summer (1913) she was very nervous and 
irritable, and in August she went to the White Mountains Then she first 
noticed wheezing sounds in the chest at night During the lattei part of 
August and in September she had frequent head colds accompanied by severe 
coughing attacks, and in the latter part of September, following a severe 
prolonged coughing spell, the first distinct attack of spasmodic dyspnea 
occurred These attacks of coughing and dyspnea increased rapidly in num- 
ber and seventy and by October 10 they were coming four and five times 
dailj^ but were usualh almost instantly relieved by small subcutaneous doses 
of epmephnn (1 1000) While visiting in the South in November and 
December she had complete relief from dj^spneic attacks but the severe cough 
persisted, although usually relieved quickl}'- by inhaling the smoke of stra- 
monium leaves While returning North in January, 1914, she contracted a 
seveie cold and the dyspneic attacks returned with increased severit}^ forc- 
ing her to stop off at Atlanta, Ga , where she remained under a phj^sician’s 
care for about three months, apparently suffering from a bronchopneumonia 
In April, in Chicago, the paroxysmal attacks of dyspnea again returned with 
increased frequency and severity and were incompletely relieved b}’’ subcu- 
taneous injections of epmephnn, but the troublesome cough was relieved by 
small doses of potassium lodid The attacks of dyspnea and coughing per- 
sisted to a greater or lesser degree all summer while traveling in the West 
In September, 1914, she entered a Chicago hospital for observation bj' a 
local internist There a tooth infection was cleaned up and a vaccine, made 
from her sputum cultures, was administered, but these measures seemed to 
give only a transient relief of sjTOptoms Following a pneumococcus infection 
in Februar}', 1915, with a rise in temperature, she had almost complete relief 
from both the dyspneic attacks and the harassing cough until the latter part 
of A'larch, when both returned in a severe form At this time she entered 
the Presbyterian Hospital in Chicago 
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Laboi atory Exaiiiviattoii — Tetnperature, 98 6 F , pulse, 96, respiration, 24 
Blood pressure, 115/75 

Blood Hemoglobin, 95 per cent , leukocytes, 14,000, red cells, 5,700,000 
Differential count Small lymphocytes, 10 per cent , large lymphocytes, 10 
per cent , large mononuclears, 5 per cent , transitionals, 2 per cent , neutro- 
phils, 62 per cent , eosinophils, 11 per cent 

Urine Acid, specific gravity, 1020, no albumin, sugar, acetone, or casts, 
few leukocytes , no blood , indican, a trace 

Sputum Very abundantly produced, thick, mucoid, stringy with white 
particles , no Charcot -Leyden crystals, Curshmann’s spirals or blood, a few 
eosinophils, but no polj'morphonuclear neutrophil leukocytes 
Feces Negative for blood and pus 

Physical Examination — Skin, pale and dry, with cyanotic hue of the lips, 
nose, fingers and nails No palpable glands Throat, nose and sinuses nega- 
tive (Dr Shambaugh) Teeth negative (Dr Moorehead) Chest Increased 

m anteroposterior diameter Intercostal spaces widened Posture (sitting in 
bed) stooped Lower lung borders anteriorly in midclavicular line at the 
seventh intercostal space, posteriorly, at the level of the twelfth spinous process 
Excursion on deepest inspiration scarcely one-half inch Vocal fremitus not 
increased Percussion note hyperresonant over both lungs Both inspiratory 

and expiratory phases markedly prolonged Sonorous and sibilant rales over 

whole chest Heart Apex beat not visible or palpable Epigastric pulsation 
present Heart borders not determinable All heart sounds soft and feeble 
but clear No murmurs Liver Easily palpable and extends about 2 cm 
below costal arch Spleen Palpable No masses in the abdomen Sputum 
Bacteriologic examination done at several periods of her stay in the hospital 
showed aerobic Sti epiococens viiidans, Mici ococcus catan kalis and pneumo- 
coccus Anaerobic Bacillus annuhformis, Sti cpfococcus pamous, Bacillus 
fusifoi mis 

Ticatment and Couise — Epmephnn, atropin, potassium lodid and strong 
coffee gave symptomatic relief of short duration The administration of 
autogenous vaccines was followed by short periods of improvement This, 
honever, was not permanent and the recurrence of several paroxysms of 
djspnea depressed the patient to such a degree of despondency that she sought 
and found a voluntary death through dronning The body was in the water 
about three hours and was examined five hours after death 

Macioscopic Examination — Not obtainable (Coroner’s case) 

Micioscopic Examination — The pleurae of both lungs vary in thickness and 
contain but a few foci of round cells Most of the alveob are of normal size, 
contain only an occasional endothelial cell, and have thin walls which also 
contain a few small foci of round cells In the outer borders of both lungs 
the aheoli are dilated and some have ruptured walls One small group of 
alveoli in the right loner lobe contains a fine granular precipitate in which 
there are numerous polj morphonuclear neutrophilic leukocytes The ductuli 
respirator!! are patent, slightlv dilated and their walls without appreciable 
change The bronchioles, even to the smallest, are somewhat dilated and 
most of them are occluded by homogenous mucous masses which contain a 
few epithelial cells, round cells and many polymorphonuclear cells, many of 
which are eosinophilic The walls are thin because of the dilatation, contain 
only a few round cells and have thin strands of smooth muscle fibers and of 
elastic tissue The epithelium is only partially retained and in all except 
the smallest bronchioles it rests on a very prominent hyalinized basement 
membrane Many bronchioli are dilated to such a degree that they can be 
differentiated from small bronchi only by their structure 

The small and middle sized bronchi are dilated so that longitudinal folds 
are obliterated, and almost all are occluded by mucous masses which vary 
somewhat m structure and constituents In some, the mass is homogenous 




PLATE 1 

Plate 1 — Bacterial -type of asthma Case 1 A Cross section of a large 
bronchus Note the muscle bundles, basement membrane, marked hypertrophy 
of mucous glands, and cellular infiltration 

B Longitudinal section of a large bronchus Note the muscle bundles, 
cellular infiltration, mucous glands, and eosinophil cells High magnification 
of the area marked by the circle is shown in C 

C High magnification of the area marked b}'^ the circle in B 
D Bacterial type of asthma Case 2 Cross section of a large bronchus 
Note the muscle bundles, mucous glands, and distended capillaries 

E Longitudinal section of a large bronchus Note the muscle bundles, dis- 
tended capillaries and cellular infiltration 





PLAfE 2 


Plate 2 — Bacterial type of asthma Case 2 A Bronchiole almost occluded 
by a folding of the epithelium 

B Case 3 Bronchiole occluded by folds of epithelium 
C Bronchiole of a guinea-pig Fatal horse serum anaphylaxis 

D Food asthma Case 6 Area of absorption atelectasis with an adjoin- 
ing area of normal lung tissue 
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PLATE 3 

Plate 3 — Food asthma Case 6 A Occlusion of bronchi by mucous exudate 

B Cross section of a large bronchus Note the muscle bundles, distended 
capillaries and extensive infiltration by eosinophil cells 

C High magnification of an area of eosinophilic infiltration m the bronchial 
wall 

D Mononuclear eosinophil cells in the thymus Insert a high magnification 
of these cells 
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and contains diffusely scattered and polymorphonuclear cells which are mostly 
eosinophilic, some round cells and near the outer zone desquamated epithelial 
cells In others, the mass appears much twisted, having whorllike thickened 
lines and rows of cells intermingled with layers of homogeneous cell free 
mucus In many bronchi the mucous masses appear to be flowing stream-like 
into the bronchi from the gland ducts No fibrin and only a few erythrocytes 
are found The epithelium is for the most part desquamated, only the lower 
layer of small cells remaining attached to the thickened prominent basement 
membrane The basement membrane is conspicuous and extends as a promi- 
nent band up into the gland ducts, at times even up to the gland itself The 
subepithelial layer contains many cells chiefly small round cells, a few eosinophil 
cells, mostly polymorphonuclear, and a few mast cells The elastic tissue is 
prominent in some bronchi and m all, the capillaries are numerous but small 
The muscle tissue varies greatly in thickness, being prominent in all bronchi 
but in some forming large bundles which are best seen m the longitudinal 
sections (Fig 2) There is no evidence of hyaline degeneration or fatty 
infiltration of the muscle The mucous glands are very large and many are 
densely infiltrated by cells (Fig 3) In most the acini are large, filled by 
mucus and are often separated widely by infiltrating cells which obscure 
large portions of the gland structure These cells are mostl 3 ' small round 
cells, but m some glands the predominating cells are poljTOorphonuclear 
eosinophil cells Some glands are almost completely destroj^ed bj’’ this infil- 
tration The gland ducts leading from these glands are large and in man}' 
places distinct ampullae are formed which contain mucus or mucus inclos- 
ing many cells Many of the ducts are surrounded b}' a zone of round cells 
(Plate 1, A, B, C) Some of the cartilaginous plaques in both lungs show 
small areas of calcification The walls of some of the bronchial arteries are 
thickened No nerves or nerve ganglia are invaded by round cells 

The structure of the larger bronchi is similar to that of the smaller 
bronchi except that the mucus does not completely occlude any of them No 
Charcot-Leyden’s crystals or Curshmann’s spirals are found, and although 
the epithelium is missing throughout, no evidence of true ulceration can be 
demonstrated 

The bronchial lymph glands of both lungs are large and anthracotic, their 
sinuses contain a few polj'morphonuclear eosinophils and they contain no 
evidence of tuberculosis 

Siimmaiy — ^The most significant pulmonary pathologic findings in this case 
are (1) Complete occlusion of the majonty of the middle sized and small 
bronchi and of the bronchioles by a mucous cellular exudate (2) Numer- 
ous large mucus-filled gland-duct ampullae (Schleimhautausstulpungen of 
Monckeberg) (3) Large active mucous glands (4) Marked cellular infil- 
tration of the subepithelial la 3 'er and of the mucous glands (5) Prominence 
of the basement membrane and of the muscular layer (6) Tissue eosinophilia 

Comment — The history of previous attacks of bronchitis and of 
pneumonia, of asthmatic attacks beginning after the fiftieth )'ear, and 
the microscopic evidence of infection in the bronchial walls point to 
bacteria as the causal agent in this case of asthma 

Case 2 — Mr G, aged 55, married, American, entered the Presbyterian 
Hospital, July, 1917, under the care of one of us (K ) 

Hisioiy — Except for having had the usual diseases of childhood, he was 
exceptionally well until his fort 3 '-ninth summer (1911), when a severe bron- 
chitis de\ eloped and persisted for six months, being accompanied near the 
end by wheezing sounds and one definite attack of spasmodic dyspnea The 
following spring he had a second attack of bronchitis accompanied by wheez- 
ing sounds and one attack of spasmodic dyspnea Following this the attacks 
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came more frequently each year so that, at the time of entrance into the hos- 
pital, SIX years after the first attack, they occurred as frequently as from 
three to five times daily with only short periods of freedom During this 
time (six years) the weight gradually fell from 155 to 90 pounds Tobacco 
and alcohol never used Gonorrhea and syphilis denied 

During the three years prior to July, 1917, the following surgical and 
medical procedures were instituted without giving relief 1914 Nasal polypi 
removed 1915 Twenty injections of a stock vaccine Potassium lodid up to 
50 minims, three times daily Teeth were roentgenographed and two were 
removed Polypi and turbinates removed 1916 Tonsils removed Eleven 
injections of arsphenamin (negative blood Wassermann ') 1917 Use of mixed 



Fig 2 Case 1 Bacterial asthma Large bronchus Longitudinal section 
Epithelium intact Basement membrane thick and hyalmized Subepithelial 
layer infiltrated by round cells Muscle bundles very large Glands have dis- 
tended acini and contain foci of round cells / = lumen c = epithelium r 
b in = basement membrane , e t = elastic tissue , i c = round cells , in = muscle ^ 
(7 d = gland duct, p = gland Magnification, 65 diameters 

vaccine Removal of colon was advised by family physician as roentgen-ray 
examination showed a viceroptosis, especially marked of the transverse colon 
The patient had noted that frequent catharsis and use of enemas seemed tO' 
alleviate the attacks 

Family Histoiy — Mother, two sisters, one brother, and one child have had 
asthma 

Physical Examination — At the time of entrance into the hospital m the 
summer of 1917, the following observations were made Small, much emaciated 
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man Head and neck, negative Chest thm walled, expansion fair, numerous 
squeaky and whistling rales on both sides Heart Left border 10 cm from 
midsternal line Rate, tone and rhythm appear normal Abdomen Wall 
muscular Small umbilical hernia Liver Palpable 2 cm below costal margin 
in midclavicular line Spleen Not palpable Inguinal glands Easily palpable 
Extremities Negative 

Blood Hemoglobin, 75 per cent , leukocytes, 7,900, red cells, 3,670,000 
Differential count Small lymphocytes, 23 per cent , large lymphocytes, 8 per 
cent , polymorphonuclear neutrophils, 59 per cent , polymorphonuclear eosino- 
phils, 10 oer cent 

Urine Specific gravity, 1 032, no albumin, casts, sugar or pus 



Fig 3 Case 1 Bacterial asthma Large bronchus Cross section Epi- 
thelium intact and containing goblet cells Basement membrane thick and 
hyalinized Subepithelial layer infiltrated by round cells Muscle bundles large 
Mucous glands large and infiltrated by round cells e = epithelium , gc~goh\et 
cells, 6 in = basement membrane, in = muscle, i c = round cells, (7 = gland, 
c = cartilage Magnification, 70 diameters 

Gastric content Ewald test meal Free acid, 8 per cent , combined acid, 
37 per cent , total acidity, 45 per cent 

Electrocardiogram Slight hyperbalance of right heart 
Blood pressure 122/75 

Medicohon —Potassium lodid, epinephrin and autogenous vaccine At the 
time of entrance to the hospital the patient suffered from two to four attacks 
of dyspnea daily, coughed a great deal, raised a small amount of sticky mucus 
and complained of pain in chest and of abdominal distention and distress 



716 


ARCHIVES OF INTERNAL MEDICINE 


Ten minims of epmephrm usually gave prompt relief However, after enjoying 
a period of quiescence for ten days, the patient died in an attack which had 
lasted three days The necropsy was performed the next day 

Necropsy Report Anatomic Diagnosis — Chronic fibrous myocarditis, 
marked emphysema of the lungs, barrel-shaped chest, hyperemia of the peri- 
cardial sac, passive hyperemia of the liver and spleen, slight chronic inter- 
stitial nephritis and hyperemia of the kidneys , fibrous episplemtis , calvities 
and canities 

Mactoscopic Examination"’* — The body is that of a white man about 55 
years of age, weighing approximately 100 pounds Rigor mortis is marked and 
posterior lividity is present Muscular development is fair and the bones are 
of medium size The chest wall is bulging and the abdomen flat The sub- 
cutaneous fat m the midline of the trunk m front has a maximum thickness of 
5 mm The inguinal rings are closed The liver extends two finger breadths 
below the costal margin Ihe diaphragm on the right side extends upward to 
the middle of the fourth rib, on the left to the fifth interspace Thorax The 
pericardial sac is blue, caused by the engorgement of the vessels which supply 
it There is only the normal amount of fluid present The apex of the heart is 
made up of the right ventricle The pulmonary artery and the right heart con- 
tain only fluid blood The wall of the left ventricle at its thickest portion 
measures 2 cm , the right, 7 mm It weighs 320 gm The heart muscle is 

pale red and slightly fibrous The lungs are huge and are free from adhesions 
They are red and black m color and bulge out when the sternum is removed 
m the usual manner The cut sections are spongy and some blood flows from 
their surfaces Liver The liver is reddish brown and weighs 1,450 gm Its 
capsule is smooth, except in places where it has been adherent to the diaphragm 
There is a yellow scar on the right lobe 8 mm in its largest diameter, which 
when cut does not extend into the liver substance The cut surfaces are red and 
exude much blood Kidneys The kidneys together weigh 230 gm Their cap- 
sules are smooth, but strip with difficulty, leaving a rough irregular surface 
The cut surfaces are red and the cortical markings are fairly distinct Spleen 
The spleen is rough and slaty blue, except the rough surface made up of yellow- 
ish nodules averaging 2 mm in diameter The cut surfaces are very red and 
pulpy, much blood flowing from these surfaces It weighs 150 gm 

Mici oscopic Examination — The pleura varies m thickness from 0 06 to 0 09 
mm , and shows no abnormalities except a few widely distended blood vessels 
The alveoli are not abnormally distended, except m patches in the penpherv 
of the upper lobes of both lungs and they are empty, except in the left lower 
lobe where a few small areas are obliterated by accumulations of a fine granu- 
lar precipitate which contains only a few erythrocytes The alveolar walls 
throughout both lungs are thickened by distention of capillaries and an occa- 
sional accumulation of small mononuclear cells The epithelium of the ductuli 
respiratoni is intact and shows no abnormalities The walls of these passages 
contain short muscle bundles from 0010 to 0015 mm m thickness and only a 
few small mononuclear cells 

The bronchioles in all parts of the lungs are similar in structure In a few 
of the smaller bronchioles the lumma are narrowed by a deep folding of the 
epithelium (Plate 2 A) In a few others the lumina are occluded by a fine 
granular precipitate containing only a few large pigmented mononuclear cells, 
Avhile m the majority the lumina are patent and contain only a few of the pig- 
mented cells The epithelium is well perserved, is thrown into longitudinal 
folds varying m height from 0 010 to 0 085 mm and having a thickness m the 
smaller bronchioles of from 00075 to 0020 mm and m the larger bronchioles 
from 0 050 to 0 095 mm No goblet cells are visible The basement membrane is 
not conspicuous The subepithelial layer is thin and contains onh a very few 


20 Only those parts of the complete necropsy reports which seemed to have 
a possible relationship to the problem of our study are given here 
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mononuclear cells The muscle layer, varying m thickness from thin strands 
to definite bundles 0060 mm thick, does not form a continuous layer and 
varies greatly in sue m different parts of the circumference of the bronchiole 
The elastic tissue is scanty and the fibrous tissue is found only in moderate 
amounts 

The structure of the bronchi in all parts of the lungs is essentially the same 
The lumma of all contain only a small amount of granular precipitate in 
which there are fragments of desquamated epithelium The epithelium is 
thrown into longitudinal folds from 0 06 to 0 24 mm high and contains only a 
few goblet cells There is no evidence of new or old ulcer formation m the 
epithelium The basement membrane is visible only in parts of the circumfer- 
ence The subepithelial layer is thin and contains distended capillaries, scat- 
tered small mononuclear cells, a few polymorphonuclear eosinophil cells, plasma 
cells and small bundles of elastic tissue The muscle layer, which in many 
bronchi lies unusually near the epithelium, is very well developed, the bundles 
in some of the larger bronchi being 0 23 mm in thickness (Fig 4) These 
bundles, as seen best in the longitudinal sections, are separated from each 
other by only a thin connective tissue layer containing distended capillaries 
(Plate 1 D, and E) The mucous glands are of moderate size and their acini 
are small Most of the glands contain dense foci of small mononuclear cells, 
and in many of them only small fragments of gland tissue remain The outer 
portions of many of the glands contain many fat cells Many of the gland 
ducts in the subepithelial layer are surrounded by a wide zone of closely placed 
small mononuclear cells, and in many ducts the lumma form conspicuous 
ampullae-like enlargements between the cartilage and muscle layer These 
ampullae-like structures contain a small amount of mucus m which there is 
much desquamated epithelium The cartilages arc unchanged The distended 
capillaries m all layers of the bronchi are very conspicuous and show well 
their distribution in these structures The walls of many of the bionchial 
arteries in the larger bronchi are very thick The ganglia, nerves and nerve 
sheaths are not infiltrated or surrounded by cells 

Comment — The most significant pathologic changes in this case 
are (1) The numerous lai ge gland duct ampullae (2) The extensive 
cellular infiltration in the bronchial mucous glands (3) Small size of 
bronchial mucous glands and abundant periglandular collections of fat 
cells (4) Prominence of the bronchial muscular system (5) Thick- 
ening of the walls of the bronchial arteries The history of a severe 
bronchitis preceding and accompanying the attacks of dyspnea, of asth- 
matic attacks beginning about the fiftieth year and the microscopic 
evidence of infection of the bronchial mucous glands point to bacteria 
as the causal agents m this case of asthma 

Case 3 — Miss L, aged 17, entered the Cook County Hospital suffering from 
an acute infection 

Histoi y—Smce early childhood she had had frequent severe attacks of spas- 
modic dyspnea which were always worse in summer and were accompanied by 
severe coughing and raising of a thick sticky sputum The attacks, while less 
frequent in the past year, had become more severe m character 

Family Histoiy — Negative 

E\amwaiiou —Pulse, 116, respiration, 28, temperature 994 F, blood pres- 
sure, 110/72 Blood Hemoglobin, 75 per cent , leukocytes, 17,200, red blood 
cells 4420,000 Differential count small lymphocytes, 8 per cent , large 
lymphoc 3 des, 2 per cent , neutrophils, 84 per cent , eosinophils, 5 per cent , 
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transitionals, 1 per cent Marked pyorrhea alveolaris , bilateral cervical 
adenopathy 

Urine Positive for albumen and casts Thorax increased anteroposterior 
diameter, normal lung borders, diminished excursion on both sides, percussion 
note hyperresonant over whole chest, numerous wheezing and squeaking rales 
on both sides , one small area of crackling rales over the medium dependent por- 
tion of the left lower lobe Heart Heart tones indistinctly heard , no mur- 
murs Abdomen Negative Adenopathy of axillary and inguinal glands 
Reflexes, normal 

Diagnosis — Bronchial asthma, localized patch of bronchitis, emphysema, 
nephritis and pyorrhea alveolaris 



Fig 4 — Case 2 Bacterial asthma Large bronchus Cross section Epi- 
thelium desquamated Basement membrane not visible Subepithelial lajer 
contains few cells Muscle bundles large Glands small and contain foci 
of round cells All vessels distended /== lumen, ni = muscle, p = gland, 
/ c = f at cells , V = vein Magnification, 45 diameters 

Cow sc — There was a steady improvement in condition for sixteen days, 
then a sore throat developed, with abdominal pain, vomiting and other sjmp- 
toms of acute intoxication The patient died three days later 

Necropsv Report (Dr Stangl) Anatomic Diagnosis — Acute hemolytic 
streptococcus pericarditis and peritonitis, cloudy swelling of mvocardium, Iner 
and kidneys, acute emaciation, fibrous obliteration of the right pleural cavit> , 
hyperplasia of the spleen Bacterial cultures of pericardial fluid and heart 
blood showed hemol 3 d;ic streptococci 


HUBER-KOESSLER—BRO \ CHIAL ASTHMA 


719 


yiacioscopic Etaiiiniafiott — The bod\ is that of a small, poorh nourished 
Aihite girl about 12 'lears ot age Height 146 cm The lips and fingers are 
cj-notic The thiroid is slighth enlarged The skeletal muscles are i\ell 
d'e\ eloped The axillary hmph glands are someiihat enlarged Abdomen 
The abdominal cant} contains a large quantity of a brownish fluid in 
which are flocculi of fibrin The omentum hangs low and is co\ered with 
fibrin The peritoneal surface of the intestines is reddened and coated with 
fibrin The lower border of the li\er is at the costal margin There are 
fibrous adhesions between the fundus of the gallbladder and the stomach and 
duodenum The diaphragm reaches to the filth rib on the right side and to the 
fourth rib on the left Pleural caMt\ The right pleural caMtj is entireh 
obliterated b\ fibrous adhesions The left caxit} is free ot adhesions There 



Fig 5 — Case 3 Food (’) asthma Bronchiole Cross section Muscle 
lajer prominent Area of round cells 6 r = bronchiole , ;« = muscle, a — 
arter3 , al = ah eoh , r c = round cells ilagnification, 85 diameters 

IS a moderate amount of granulation tissue at the site of the th>mus Peri- 
cardial caMt3 The pericardial caMt3' contains a small amount of turbid fluid 
m which there is fibrin There are man3 petechial hemorrhages beneath the 
epicardium Heart The ^enae ca^ae are engorged with dark clotted blood 
The tricuspid and aortic \ahes are normal There is a healed ^egetatl^e 
growth on one cusp of the mitral Aahe The m3ocardium is pale red and 
grossh w ithout change The heart w eighs 400 gm Lungs The surface of the 
right lung IS covered b3' extensne fibrous adhesions, but it crepitates eier3- 
w here and is free from coal dust pigmentation It weighs 320 gm The surface 
of the left lung is smooth and it crepitates e\er3 where The trachea and 
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bronchi exude a thick mucopus and the mucosa is hyperemic The tracheo- 
bronchial lymph glands are brown in color Liver The liver is mottled reddish 
brown and yellow and its capsule is smooth and dull Spleen Large and firm 
and weighs 320 gm The solitary lymph follicles of the large intestine are 
prominent (2 mm ), and some are surrounded by small hemorrhages There 
IS one small cyst in each ovary Kidneys Weight, 400 gm , mottled m color, 
fetal lobulations The capsule is smooth and strips readily, leaving a smooth 
surface The cortical striations are plainly visible The lining of the pelvis is 
smooth and unchanged Head The brain and meninges show no gross changes 
Micioscopic Erammalwn — Left lung examined The pleura is slightly 
thickened throughout and contains numerous small foci of small round cells 
Most of the alveoli are small, containing only a few pigmented endothelial 
cells, and their walls are considerably thickened by dilated capillaries, and 
numerous small accumulations of small round cells The remaining alveoli 
are moderately dilated, contain no exudate and have thinner walls 

The bronchioles in the whole lung vary markedly m size and structure, 
some being dilated and with thin walls, others being markedly contracted 
In some the folds of epithelium have sloughed off and completely occluded the 
lumen (Plate 2 B) The lumina of the former vary m size from 0 25 to 0 5 
mm and the latter from 0 07 to 0 15 mm The other measurements are given 
1 The single layered low cuboidal epithelium is intact and the 
subepithelial layer contains a few small round cells, a small amount of elastic 
tissue and an occasional polynuclear eosinophil cell The muscular layer in some 

bronchioles form a distinct complete circular ring but in most it is interrupted 
(Fig 5) 


The lumina of the smaller and medium sized bronchi contain only a small 
araoun o exudate which adheres to the epithelium and consists chiefly of 
mucus containing epithelial cells either isolated or m clumps Among these 

polymorphonuclear neutrophils and eosinophils and a 
m ^ 1 opitheliurn is intact except in the deeper cryptlike pockets 
ot ^1 ^ lower layer of cells remains The outer lajer 

ttie epithelium contains numerous goblet cells and m some bronchi there 

enitheharrpur^ polynuclear eosinophil cells between the 

anv nnrtmn ^Preciable lengthening of the epithelial cells in 

In aim cven',./tlm\ronch,oles basement membrane is distinct and appears 

bro^chiis^as^i'I^^^'u^ layer vanes considerably m thickness even m the same 

tha" Dorhon hZ lo'ig'tudinal sections This layer, especially 

small round rellf basement membrane, is infiltrated by numerous 

The longitudinal f ^ Polymorphonuclear eosinophil cells 

and the camllanpc Y bundles of elastic tissue are not increased in size 

ana tne capillaries are not distended 

m the longrulbnar^^jf'/*^ all bronchi is well developed and shows especially 
coinectne tissue separating and extending into these bundles contains a few 
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and man\ contain small calciffed^'^ divisions of the bronchi than the glands 
uith an outside diameter of 2 8 mZZ t '^^’'t'lage in a small bronchus 
true marrow center (Fig 7) contains a small ossified portion wnth a 
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history was not obtainable The evidence of an old infection, the adhesive 
pleuritis, and the evidence of present infection in the mucous glands 
and the subepithehal layer of the bronchi point to bacteria as secondary 
agents in this case of asthma 

Case 4 — Mr E L, aged 29 

Histoiy — The complete history is not available Patient had had frequent 
head colds and asthmatic attacks since the age of 10 and was unable to do 
any work until his twenty-seventh year when, following medication and use of an 
autogenous vaccine there was a period of improvement 



Fig 7 — Case 3 Food (^) asthma Bronchial cartilage with ossification 
b = bone with typical bone marrow , i c — round cells , g = gland , c = car- 
tilage Magnification, 70 diameters 

Faintly History — Mother had asthma after thirty-fifth year 

Com sc — While in the army he discovered that proximity to horses or 
mules precipitated attacks of asthma and he therefore wished to be desen- 
sitized This was attempted by his physician and death occurred within ten 
minutes after an intravenous injection of 1 minim of horse serum Here we 
need give only a few points of particular interest, as the complete report ot 
the necropsy findings is given by Boughton * He says in part 

21 Boughton, T H Anaphjdactic Death in Asthmatics, J A M A 73 
1912 (Dec 29) 1919 
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Both lungs were enormously distended ond emphj seimtous The left lung showed i smill 
arei of hemorrhage on the hteril portion of the loucr lobe, about 4 cm in dnmeter with a 
gelatinous oiganizmg cMidatc at this point On section the lungs are drj The right 
pleural cavit> was largel> obliterated bj fitm fibrous adhesions No fluid was present in 
either cavity The heart was fiim and of normal size and appearance except for a few sub 
pericardial petechial hemorrhages on the posterior surface 

Microscopic Erammation —Lmigs There was a moderate passive hjpercmia, but no edema 
There were a few small interstitial h-'inorrhagcs A little iiiucus and a f>.w' desquamated 
epithelial cells wcic seen in some of the bronchioles The peribronchiolar muscle was well 
developed A few arteries showed greatlj thickened walls, and many showed a moderate 
thickening of the walls Eosinophils were \er 3 numerous in the spleen 


Mic) oscopit E X aiitniQlioii — Drs Boughton and Raulston, the pathologists, 
kindly furnished us with the blocks of tissue from this case so that we could 
make a more detailed study of the lungs Our findings are as follows The 
structure of the pleura vanes from a thm layer 009 mm thick with no appre- 
ciable changes to a lajer 135 mm thick This increased thickness is due 
chiefly to fibrous tissue, the outer layer of which is less compact and contains 
numerous small extiaiasations of erythrocytes The pleura, especially in the 
thickened portion, contains numerous small capillancs, scattered small round 
cells, a few small foci of round cells, but no eosinophil cells In some oblit- 
erated interlobar spaces and in portions of thickened pleura, where adhesions 
are evident, small thick-walled arteries arc veiy conspicuous The alveoli 
have no unitormity in size due to the unusual variation in structuie of the 
interstitial tissue Some are wideh dilated and have thin intact or ruptured 
walls while those adjoining may be small and have walls thickened by fibrous 
tissue and cellulat infiltration The lumina of most of the alveoli contain 
only an occasional large pigmented mononuLlear cell, but in a few small areas 
they are completely filled by a finely granular piecipitate containing an occa- 
sional eivthrocyte The patchy thickening of the interstitial tissue is very 
striking and m many parts of the lungs patches of alveoli are almost com- 
pletely obliterated by a dense tissue which consists of a network of fibrous 
tissue surrounding various sired groups of cells Ihese cells aie cliieflj small 
round cells, often grouped, with densely stained nuclei and scant\ citoplasm, 
large cells with small nuclei and abundant homogeneous cytoplasm, plasma 
cells, pigmented endothelial cells, a few polymorphonuclear neutrophil cells 
and an occasional polymorphonuclear eosinophil cell Throughout this tissue 
there are numerous fragments of hyperplastic epithelium, some small isolated 
bronchioles with walls that are dcnsclj' infiltrated by small round cells, and 
which are surrounded by a thick rone of fibrous tissue, thin strands of non- 
stnated muscle fibers, and numerous small thick walled arteries surrounded 
by a thick rone of dense fibious tissue 

The epithelium of the ductuli respiratorii is intact and the supporting layer 
of tissue contains numerous small round cells, a few polymorphonuclear eosino- 
phil cells, and m many places short bundles of smooth muscle fioin 001 to 
0 02 mm thick 


The smallest bronchioles contain only an occasional pigmented mononuclear 
cell and their lumina are narrowed by longitudinal folds of epithelium from 
003 to 004 mm high The epithelium is intact and contains no goblet-hke 
cells The basement membrane appears hyalin and is distinctly visible for 
only parts of the circumference The subcpithehal layer contains numerous 
small mononuclear cells, a few polymorphonuclear eosinophil cells, a few 
plasma cells, and a few constricted capillaries (epinephrin effect The mus- 
cular layer vanes greatly m thickness m different bronchioles and does not 
form a continuous band The outer layer of tissue is composed of loose fibrous 
tissue in which are many cells similar to those in the subepithelial layer 

re larger bronchioles are almost filled by a granular precipitate which 
contains only a few cells, chiefly pigmented mononuclear cells, a few neutro- 
phil polymorphonuclears and a few erythrocytes The epithelium is from 0 027 
to 0 05 mm high and forms longitudinal folds from 012 to 018 mm hieh 
The portion of the epithelium nearest the lumen is made up of long ciliated 
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cells among which are numerous goblet-like cells The deeper portions of 
the epithelium contain numerous small round cells The other layers of the 
wall are similar to those of the smaller bronchioles except that the muscle 
layer forms larger bundles and the cellular infiltration is more marked In 
the outer portion of the walls of many of these bronchioles there are masses 
of fibrous tissue from 0 21 to 0 50 mm in thickness surrounding arteries with 
irregularly thickened walls These vessels suggest the nodal arrangement of 
the bronchial arteries of guinea-pigs that have succumbed to anaphylactic 
shock"' (Figs 8, 9 and 10) 

The lumina of the small bronchi contain only a small amount of a 
granular precipitate similar to that in the larger bronchioles The epithelium, 
which IS similar m structure to that in the larger bronchioles, is from 009 to 



Fig 8 — Gumea-pig Fatal horse serum anaphylaxis Artery Nodular thick- 
ening of muscle a = artery, a/ = alveoli, h = bronchiole Magnification 90 
diameters 

012 mm high and is thrown into folds from 0 20 to 0 27 mm high The 
basement membrane is thick and hyalin in appearance The subepithelial and 
muscular layers are similar to those m the bronchioles but are markedly 
thicker The mucous glands are almost completely obliterated by infiltration 
of small mononuclear cells, only a few atrophic acini remaining m most of 
the glands The gland ducts are small and their walls are infiltrated bv manj 


22 Schultz W H, and Jordan, HE A Microscopic Study of the 
Anaph} lactic Lung of the Guinea-Pig and Mouse, J Pharmacol & Exper 
Therap 2 375, 1911 
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snisll moiioiiMclear cells Throughout the tissues studied there is no e\ idence 
of new ulcer formation in the epithelium and no evidence of healed ulcers 
except possibh localized collections of small round cells in the subepithelial 
lajers (Fig 11) 

The pulmonari and bronchial arteries and \eins in many parts of the 
lungs are surrounded by van mg amounts of dense fibrous tissue containing 
a few round cells and ranging m thickness fiom 015 to 0 5 mm The media 
of main bronchial arteries is irregularh thickened and measures 018 mm in 
some cases with a diameter of 045 mm The walls of man> smaller arteries 
contain areas of calcification The spleen contains a large number of poly- 
morphonucleai eosinophil cells 

The cartilages show some areas of calcification and one cartilage contains 
a small calcified area surrounding typical bone marrow 



Fig 9— Case 4 Horse asthma Fatal horse serum anaphjlaxis Arter\ 
and bronchiole surrounded by fibrous tissue a — arterv , bi — bronchiole jii = 
muscle, // = fibrous tissue I^Iagnihcation, 60 diamete'rs 

Commc::t— The most significant pathologic findings in this case aie 
(1) Right sided adhesive pleuritis (2) Completely consolidated areas 
of pulmonary tissue (3) marked cellular infiltration of the walls of 
the bronchi and bronchioles (4) Model ate thickening of muscle tissue 
in the bronchi (5) Atrophy of bronchial mucous glands (6) Thick- 
ening of the walls of many pulmonary and bi onchial artei les (7) Wide 
zone of fibrous tissue siiriounding many pulmonary and bronchia! 
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arteries (8) Eosinophilic infiltration in bronchial wall and in the 
spleen (9) Calcification and ossification of bronchial cartilages 
The history of head colds and asthma since the tenth year with the 
subsequent discovery of the sensitiveness to horse dander leads one to 
believe that this case was from the beginning one of horse asthma 
The adhesive pleuritis, the areas of consolidated lung tissue, and the 
evidence of extensive bronchial infection cannot be overlooked and the 
question naturally arises whether these factors are the result of the 
asthmatic attacks or are implicated in the production of the attacks 



Fig 10 — Case 4 Horse asthma Fatal horse serum anaphylaxis Artery 
surrounded by fibious tissue and having irregularly thickened walls o = artery, 
W = blood, /t = fibrous tissue Magnification, 100 diameters 

Case 5 —Mr L , aged 32, single, American, car repairer 
Hisloiy — Previous illnesses Measles, whooping cough and malaria From 
childhood until going to California in his twenty-fourth year he suffered from 
frequent paroxysmal attacks of dyspnea After a free period of seven years 
in California he returned to Chicago six months before death and suffered 
from a recurrence of the attacks One week before death, April 4, 1912, he 
entered the Cook County Hospital suffering from bronchopneumonia 

Physical F ramniafiou —ShghtW built white male Head and eyes negative 
Chest Supraclavicular fossae deep, epigastric angle wide, accessory respira- 
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tory muscles used during respiration, coarse sibilant rales heard posienorly 
Heait and abdomen negative Urine contains erythrocytes Sputum, no 
tubercle bacilli Blood differential count Neutrophils, 84 per cent , large 
mononuclears, 8 pei cent , small mononuclears, 8 per cent Temperature, 
102 F The condition of the patient gradually became worse and death 
occurred seven days after entiance Postmortem examination by Dr H G 
Wells 

Necropsy Report Anatomic Diagnosis —Acuio:, left, serofibrinous pleuritis, 
abscess m the lower lobe of the left lung, pulmonary emphysema, fibrinous 
pneumonia of the posterior portion of the left uppei lobe, bronchopneumonia 
in right lung, chronic bronchitis, acute mediastinal lymphadenitis, slight 
hypertrophy of the right ventricle 

Macioscopic Examination —E->A^Tn^\ appearance The body is that of a 
poorly nourished man, height 160 cm The chest is very prominent anteio- 
posteriorly, the costal cartilages bulge forward, particularly on the right side, 
and the intercostal spaces are considerably increased in width The diaphragm 
reaches to the fifth interspace on the right side, to the sixth rib on the left 
side Thorax The right pleural cavity contains no fluid The left cavity, 
however, contains considerable fluid which is turbid, blood stained, and full 
of fibrin The serous membrane of the pericardium is smooth and shining, 
and shows no evidences of inflammation Mouth The pharynx is normal 
except for a slight edema about the arytenoids Heart Contracted and 
extremely rigid Its size and proportions are apparently normal except for a 
slight hypertrophy of the right ventricle Its weight is about 300 gm The 
walls of the right ventricle are very muscular, averaging 4 mm in thickness 
The aortic, pulmonic, mitial and tricuspid valves all appear normal Neither 
the aortic ring nor the thoracic aorta show any sclerosis Lungs The right 
lung IS adherent anteriorly to the chest wall by weak fibrous adhesions, while 
its base is attached by firmer adhesions to the diaphragm The lung itself 
shows no tendency to collapse and on being placed in water floats high The 
substance of the lung itself is soft, pale, spongy and inelastic Palpation 
reveals slight nodular and irregular hardenings The pleura shows evidences 
of hemorrhage The cut surface appeals slightly raised, and mottled with the 
irregular hardened areas of bronchial pneumonia Posteriorly this lung is 
full of fluid The left lung, externally, appears light in color much as if it 
had been boiled Like the right lung it does not collapse The lower lobe is 
small, due to the compression of the fluid found in the left pleural cavity, and 
its lower portion contains much fluid Its cut surface reveals prominent, 
thickened bronchi, and m one place a small abscess, 5x8 mm , which lies just 
beneath the pleura Over this abscess the fibrin is much thicker and whiter 
than elsewhere The upper lobe presents in its posterior portion a diffuse 
consolidation such as is seen in very wet, early pneumonia, such as is sec- 
ondary to edema The walls of the bronchi in this lobe are also thickened 
There are no evidences of tuberculosis 

Peribronchial lymph glands Are enlarged and reddened due to their 
proximity to the adjacent pleuntis None caseous or calcified Liver Weight, 
1,400 gm The cut surface shows the lobules to be well marked and slightly 
darker at their periphery Spleen The spleen is of normal size, pinkish gray 
and soft Gastro intestinal tract In the lower portion of the ileum Peyer’s 
patches show some slight pigmentation such as frequently follows typhoid 

Miaoscopic Examination —Spleen The malphigian corpuscles are small, 
increase in number of trabeculae , hyaline changes around the arteries Liver ' 
Shows slight passive hyperemia Heart muscle Slight increase m connective 
tissue Lungs There is an increase in the connective tissue around the 
arteries and bronchi The alveolae are filled with desquamated cells and 
fibrin and some polymorphonuclears Some of the alveolae show edema Some 
areas show beginning abscesses The mucous glands show hyperplasia Kid- 
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ney There is fibrosis of some of the glomeruli with round cell infiltration 
under the capsule There are some albuminous casts in the tubules Lymph 
glands The glands show a great deal of anthracosis, some hyperplasia and 
some eosinophils 

Detailed Histologic Eiamination — A systematic study of the lungs of this 
case was not possible as only portions of the lungs were preserved Our 
findings are as follows The pleura, with a fairly uniform thickness of from 
0075 to 015 mm contains numerous distended capillaries, scattered small 
round cells, and a few small foci of round cells The lung structure are 
obliterated in patches by pneumonic foci which are surrounded by alveoli 
containing a granular precipitate and in some areas extravasations of erythro- 



Fig 11 Case 4 Fatal horse serum anaphylaxis Small bronchus Cross 
section Kpithelium swollen Subepithelial layer infiltrated by round cells 
Glands small and infiltrated by round cells / = lumen, e — epithelium , 
muscle , g = gland , g d = gland duct , c = cartilage Magnification, 45 diameters 

cj'tes The alveolar walls m the areas not involved in the pneumonic process 
are not appreciably changed 

The lumina of the smaller bronchioles are partially occluded by fragments 
of desquamated epithelium, polvmorphonuclear neutrophil cells, and a few 
erjthrocjtes The single lajered epithelium is partially desquamated and the 
basement membrane is indistinct The subepithelial layer contains numerous 
small mononuclear cells, a few plasma cells, a few polymorphonuclear neutro- 
phil cells and some distended capillaries The muscle bundles are small and 
do not form a continuous layer The larger bronchioles are similar to the 
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smaller, except that all layers are proportionately better developed The 
elastic and fibrous tissues are veiy scanty m all the bronchioles 

The lumina of the small middle-sized bronchi contain the same character 
of material as that found m the bronchioles The stratified epithelium is almost 
completely desquamated and the basement membrane is inconspicuous The 
subepithehal layer is markedly thickened and contains many small mononuclear 
cells, a few polymorphonuclear neutrophil cells, occasional polymorphonuclear 
eosinophil ceils, numerous distended capillaries and small bundles of elastic 
tissue The smooth muscle layer is not prominent and its shoit bundles are 
separated and more oi less obscured by fibious tissue and invading small 
mononuclear cells The cartilages show only a few small calcified areas 



Fig 12— -Case 5 Asthma Bronchus Cross section Subepithehal layer 
markedly infiltrated by round cells Mucous gland infiltrated and containing 
hyperplastic acinar cells ? c ~ round cells , g — gland , c ~ cartilage Magnifi- 
cation, 60 diameters 


Most of the mucous glands are small then acini are few in number, markedly 
distorted and separated by a cell rich tissue containing plasma cells, small 
mononuclear cells, a few polymorphonuclear neutrophil cells, a few mono- 
nuclear eosinophil cells, and a type of cell with a large pale nucleus and an 
abundant homogenous cytoplasm These acmi may form small compact circulai 
or tubular masses of cells, or they may form laiger leaf shaped masses sur- 
rounding varying amounts of mucus The acinar cells m these masses are 
larger than normal and contain large pale nuclei In all the wall layers between 
the gland and the lumen there are many compact collections of a similar type 
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of cell, the shape and distribution of which indicate that these masses are 
remnants of gland ducts (Fig 12) 

The bronchial arteries have thickened walls involving chiefly the media and 
are not surrounded by increased fibrous tissue 

The nerves aie not appreciably changed and are not surrounded by small 
round cells 

Comment — The most significant pathologic findings are (1) Par- 
tial occlusion of the lumina of bionchi and bronchioles by exudate 
(2) Infiltration of the subepithelial layer of bronchi and bronchioles 
by small round cells and eosinophil cells (3) Infiltration of mucous 
glands by small round cells (4) Hyperplastic changes in acinar cells 
of bronchial mucous glands (5) Slight hypertrophy of the right heart 
The etiology of the asthmatic attacks in this case is not clear The 
history of attacks since early childhood with a free period following a 
change of climate and then a recurrence, could be interpreted either as 
sensitiveness to food or animal proteins or to infection in the respiratory 
tract 

Case 6 — H^stoiy — Infant M, female, aged 15 months Normal delivery 
Birth weight SVb pounds Family history is negative Breast fed for three 
months with a gain in weight to 15 pounds, but because of a facial eczema she 
was put on artificial feedings by the family physician At the eighth month 
she was admitted to the Children’s Memorial Hospital Dispensary with eczema 
and weighing 11 pounds Under dispensary management the skin condition 
improved and the weight increased At the age of 12 months she was brought 
into the Children’s Memorial Hospital suffering from a pharyngitis, accom- 
panied by dyspnea and cyanosis of the face 

Fust Examination — Well nourished Temperature 1016 F, pulse, 160 
Head negative except for reddening of both ear drums, cyanosis of the 
lips and facial eczema Neck, marked cervical adenopathy Thorax bar- 
rel shaped, markedly emphysematous and hyperresonant, marked expiratory 
stridor, squeaky rales all over the chest Abdomen distended and slightly 
tympanitic Genitalia and extremities negative Small doses of epmephrm 
and atropin gave only slight relief The dyspnea and stridor gradually sub- 
sided, but the eczema persisted Pus was obtained from both ears after 
paracentesis Urticarial lesions appeared on the abdomen, back, groin and 
face one-half hour after a feeding of farina, and subsequent cutaneous protein 
sensitization tests revealed a marked degree of sensitiveness to wheat proteins 
and to whole wheat and a slight degree of sensitiveness to cow’s milk and to 
lactalbumin The reactions to orange egg yolk, egg albumin, beef, mutton, 
navy bean, spinach, carrot, cocoa, coffee, rye, oats and barley were negative 
Wheat protein and whole wheat, both of which gave definite reactions, were 
eliminated from the diet and oatmeal substituted as the cereal 

Com sc At the end of one week, the patient was discharged from the hos- 
pital with very little bronchitis, no rales in the chest, and much less of the facial 
skin involvement Six days later she was again admitted to the hospital suf- 
fering from an asthmatic attack which may have been brought on by the inges- 
tion of wheat containing food Four days later the patient was again dis- 
charged from the hospital with very little bronchitis, no rales in the chest and 
no eczema For two months her condition improved, wheat containing foods 
having been gradualh added to the diet, then she was again admitted to the 
hospital suffering from a cold in the head and an attack of asthma 

Second Fiaimiifl/ioii— Leukoevtes, 7,950 Hemoglobin (Sahh), 96 per cent 
Respiration 64 A fairly veil-developed and nourished female child with 
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respiratory difficulty and markedly cyanotic She has a marked respiratory 
wheeze and the accessory respiratory muscles are used The head is inclined to 
be square shaped and is held in a retracted position The anterior fontanel is 
open and bulging and quite tense Cramotabes is present Skin of the cheeks 
IS rough Chest is inclined to be barrel shaped, and on percussion there is a 
hyperresonant note over the entire chest The heart tones are hard to hear 
on account of the wheezing noises in the chest The liver is two fingers 
breadth below the costal margin in the mammary line The spleen is not pal- 
pable There are no tumor masses in the abdomen The knee reflexes are 
active The use of epinephrin, atropin and benzyl benzoate afforded only 
transient relief and the patient died about thirty-two hours after entering the 
hospital The postmortem examination \vas made a few hours later by Dr 
G Hibbs 

Necrops\ Report (Onl} the most important findings are given ) 

Anatomic Diagnosis —Knse hypei trophic emphysema of the lungs “Barrel- 
shaped” chest Downward displaced diaphragm and liver Hypertrophy of 
the right ventricle of the heart Slight passive hyperemia of the liver, kid- 
neys and skin Hypertrophy of the thymus, cervical and mesenteric lymph 
nodes, the spleen, the lymphoid tissue of the base of the tongue and the lymph 
nodes of the ileum Narrowed aorta (congenital) Fatty changes of the liver 
Needle puncture w’ounds of the upper arms Suppurative vagimtis (gono- 
coccus) Hyperemia of the uterus and adnexa Eczema (^) of the skin of 
the face 


Maci oscopic Eiainmatwn — This is the body of a white, female child about 
IS months old Only the front teeth, both loiver and uppei, are present Body 
nourishment is fair The chest is noticeably “barrel -shaped ” The lower one 
third of the sternum is raised about 1 cm above the gcneial level of the coipus 
sterni as the body lies on the table The abdominal ivall in fioiit is slightly 
distended and rigid The external genitalia and anus arc unchanged The 
skin of the face is hard, crusted and in places scaled (eczema^) The con- 
tent of cranium is not examined (permission refused) Abdomen The uterus 
and its appendages are markedly hyperemic The diaphragm on the right side 
is pushed down to opposite the level of the fifth nb, the fifth interspace on 
the left The lower level of the liver is 1 cm below the costal arch The 
gallbladder is normally free The urinary bladder is unchanged The peri- 
toneum IS everywhere smooth and shinv Thorax The costal cartilages are 
soft The lungs completely fill the pleural cavities The lungs are free of 
adhesion The pleura is everywhere smooth and shiny There is no free 
fluid m the pleural sacs The lungs and intact trachea from belo\v the thyroid 
cartilage are removed en masse (weight 1677 5 gm ), and put into 10 per cent 
liquor formaldehyd for later detailed study Heart the pericardial sac con- 
tains about 3 c c of clear fluid The apex of the heart consists of right and 
left ventricles and m front the right ventricle is as broad as the left The 
pulmonary artery contains only fluid blood The pulmonarj^ cusps are 
unchanged, as are the tricuspid leaflets The right ventricle between base 
and apex is 1 5 cm thick There is no change of the linings of the carotid 
arteries, the inferior vena cava and the aorta The aorta is about two thirds 
the usual size and measures 12 mm in greatest diameter Lymphoid tissue 
The deep cervical lymph nodes are from 5 to 18 mm m diameter They are 
firm, pale yellow and generally hyperplastic The tonsils and the lymph 
nodules of the base of the tongue are about twice the normal size Kidneys 
The kidneys together weigh 62 gm The cortical striations are well defined 
and the cortices are uniformly from 3 to S mm thick They are grossly 
unchanged Weights of organs Suprarenals together, S gm , thyroid, 2 S gm 

thymus, 15 gm , spleen, 20 2 gm , pancreas, 7 5 gm , liver, 293 5 gm , heart 
57 5 gm “ ’ ' 

(Boss Descupiion—Tht lobes of both lungs are distended by air (Fig 131 
float high m water, and are soft and feathery to touch The pleural surfaces 
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everywhere are smooth and shining and are grayish in color, except for a few 
scattered brownish slightly depressed, sharply defined, nodule-like areas 
measuring about 0 5 cm in diameter There are some large emphysematous 
bullae m the apices and m the anterior margins of both lungs The trachea 
and the mam bronchi contain a small amount of mucopurlent tenacious exudate 
and their epithelial lining is reddened The peritracheal and peribronchial 
lymph glands are conspicuous and their cut surfaces are reddish gray in color 
The cut surfaces of all lobes of both lungs are dry, grayish red in color and 
are air filled except for the above described nodule-1 ike areas which are dis- 
tributed from the hilum to the pleural surface The connective tissue septae 
throughout the lungs are conspicuous A few of the medium sized and smaller 
bronchi are patent but most are almost or completely occluded by a grayish 
tenacious exudate and their walls appear thickened The larger blood vessels 
especially in the lowei lobes of both lungs are distended by blood 



Fig 13 — Case 6 Food asthma Infant Lungs showing acute emphysema 

Mici oscopic Dcsa xphon — The structure of the different lobes of both lungs 
varies so little that a separate description of each is not necessary The pleura 
throughout appears normal in structure and variations in thickness depend on 
the amount of air in the underlying tissue Numerous connective tissue septa 
extending into the lung from the pleura are very conspicuous grossly and 
microscopically and sharply mark off definite units of lung tissue These 
septa are composed of fibrous tissue which contains a few distended blood 
vessels and a few scattered lymphoid cells There are also a few small collec- 
tions of lymphoid cells beneath the pleura The apices and anterior margins 
of both lungs are markedly emphysematous, the alveoli being widely distended 
and their walls thin and in places ruptured The alveoli in the greater part 
of both lungs are air filled, moderately distended, and their walls of normal 
structure and thickness The bronchioles and their finer divisions m these 
portions of the lungs are dilated and contain a more or less mucinous exudate 
in which there are varying numbers of polymorphonuclear neutrophil cells and 
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a few polymorphonuclear eosinophil cells The epithelium is intact and is 
folded m only the contracted bronchioles The basement membrane is not con- 
spicuous The subepithehal layer is relatively thin and contains only a few 
Ivmphoid cells and an occasional polymorphonuclear eosinophil cell ihe 
muscle laier is scanty and irregular m distribution The other connective 
tissue lajer is thin and contains throughout numerous small definite lymphoid 
nodules with distinct germ centeis 

The remainder of the lung tissue falls into two distinct groups which ditter 
markedly from each other and from that already described One of these is 
composed of definite areas from 0 5 to 1 5 cm m diameter which are sharply 
marked off by septa and are scattered irregularly throughout both lungs The 
alveoli are small and almost completely filled b) a fine granular precipitate 
containing a few polymorphonuclear neutrophil cells and a few red blood cells 
The walls of these alveoli are thickened by distended capillaries The bron- 
chioles and their divisions are occluded bj' a mucous exudate containing many 
polymorphonuclear neutrophil cells, a few polymorphonuclear eosinophil cells 
and a few epithelial cells The epithelium of the bronchioles is slightly thick- 
ened and the ciliated border is fused with the mucus in the lumen The sub- 
epithehal layer is thin and contains a few round cells The muscle layer is 
scanty and irregular m distribution The outer connective tissue layer is 
increased m amount and m many bronchioles is infiltiated by lymphoid cells 
and polynuclear eosinophil cells which in some are grouped about blood 
\essels Distinct lymph nodules are prominent in the walls of some of the 
bronchioles 

The other group of well defined areas are more scattered, air free, some- 
what smaller m size and retain, as the only evidence of lung tissue, small 
contracted bronchioles whose lumma are completely occluded by a mucous 
exudate containing a few polynuclear neutrophile cells absorption atel- 
ectasis (Plate 2, D) The maior portion of these areas consist of closely 
crowded small mononuclear cells, among which are a few small capillaries, 
fibroblasts large mononuclear cells (endothelial cells) and pobmorphomiclear 
neutrophil and eosinophil cells The blood vessels are small and are sur- 
rounded bv an abnormal amount of fibrous tissue 


The small and medium sized bronchi m all parts of the lungs vary greatly 
111 appearance and these variations seem to bear no definite relation to the 
abnormal lung tissue Approximately two thirds of these bronchi arc almost, 
or completely occluded by a mucous exudate (Plate 3, A) which contains 
varying numbers of polymorphonuclear neutrophil and eosinophil cells, a few 
desquamated epithelial cells, but no fibrin and showung m longitudinal sections 
distinct layer formation The epithelium is intact, thrown into shallow folds 
and contains a few polymorphonuclear eosinophil cells The outer ciliated 
border seems to fuse with the content of the lumma The basement mem- 
brane is not prominent The subepithehal laver is thin and contains only 
a few lymphoid cells and a few polymorphonuclear eosinophil cells The 
muscle layer is thin and irregularly distributed The mucous glands are 
very prominent, their acini large and separated from each other by a loose 
connective tissue containing only a few lymphoid cells and a few polymorpho- 
nuclear eosinophil cells Outside the muscle layer the collections of polj'- 
morphonuclear eosinophil cells (Plate 3, B and C) usually surrounding moderately 
distended blood vessels, make a striking picture The cartilages are of nor- 
mal appearance The outer fibrous tissue layer is prominent The blood 
vessels are distended only m both lower lobes The peribronchial nerves and 
nerve sheaths are not infiltrated by cells and are unchanged The lymph nodes 
along all bronchi are very numerous and prominent and contain large germ 
centers with scattered cells, and their sinuses contain a few polymorpho- 
nuclear eosinophi cells The remainder of the small and medium sized 
ronchi are widely dilated and contain small amounts of mucous exudate 
imilar to that described above The walls are similar in structure, except 
that they are thinner In many sections, occluded and distended bronchi he 
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side by side The main and large bronchi contain varying amounts of mucus 
Their walls except for the normal structural differences, are similar to the 
walls of the medium sized bronchi The collection of polymorphonuclear 
eosinophil cells about small blood vessels between the muscle layer and the 
cartilages is very striking throughout the whole bronchial tree The peri- 
bronchial lymph glands are numerous and very large Their sinuses are dis- 
tended and the germ centers prominent and all glands contain many eosino- 
phil cells A slight anthracosis is present The thyroid, parathyroid, liver, 
pancreas, suprarenals and kidneys are normal in structure The sinuses of 
the spleen are filled with blood and the splenic pulp contains large numbers 
of polynuclear eosinophil cells The cervical and mesenteric lymph glands 
are large, the germ centers are prominent and have loosely arranged cells 
but no evidence of necrosis, and some contain many distended blood vessels 
All lymph glands examined, except the mesenteric, contain many polymorpho- 
nuclear eosinophil cells The thymus is well developed and the cortical portions 
contain many diffusely scattered, irregularly shaped, deeply stained cellular 
masses, Hassall’s corpuscles The cortical and medullary portions contain 
many groups of mononuclear eosinophil cells (Plate 3, D) 

Comment — The chief pathologic findings in this infant may be 
summarized as follows (1) complete occlusion of the majority of the 
middle sized and smaller bronchi by mucus (2) Two distinct stages 
m the formation of areas which are interpreted as evidences of past 
asthmatic attacks (absorption atelectasis) (3) Extreme eosinophilia 
of the following structures Bronchial wall, mucous content of 
bronchial lumen, mucous glands, spleen, lymphoid tissues and thymus 
(4) Thickening of the walls of the bronchi and blood vessels (5) Cell 
inclusions m the thymus (6) Hypertrophy of entire lymphoid 
apparatus (7) Narrowing of aortic arch (8) Enlargement of the 
thymus 

The last three statements point to the possibility of this case being 
one of status lymphaticus, although the characteristic areas of necrosis 
in the lymph glands, which have been emphasized,^^ are absent The 
clinical picture also is not characteristic 

The history of head colds and bronchitis preceding severe attacks is 
a point of interest The history of eczema, of positive cutaneous tests 
for wheat proteins, of improvement in condition following the use of 
a wheat free diet and the lack of microscopic evidence of former 
infections in the subepithelial layer and in the mucous glands place this 
case m the category of the food asthmas 

MEASUREMENTS OF BRONCHI AND BRONCHIOLI 

Since the abnormal inflation of the lungs and the impairment of 
respiration in asthma are undoubtedly associated with a narrowing of 
the lumina of the bronchial tubes, it is in order to ask what factors 
are involved in the pioduction of this stenosis Naturally, the atten- 
tion IS directed toward the smooth muscle fiber system, which acts by 


23 Symmers, D Status Lymphaticus, Am J M Sc 156 40, 1919 
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diminishing the size of the tube, and toward the exudative system 
(i e , G, mucous epithelium , b, glands, and c, blood vessels and capil- 
laries) which adds to the stenosis by its mciease m size and in secretoiy 
activity Both these systems, of couise, aie legulated in function by 
the neivous system 

If the bionchial muscle contiacts, ceitain temporal y changes m the 
stmcture of the walls must immediately occui, i e, theie must be an 
mciease m the thickness of the muscle bundles and m the height of 
the epithelial folds The question ai ises then whether repeated spas- 
modic attacks ovei a long peiiod of time might not ultimately cause a 
tiue hypeitiophy of the smooth muscle system as well as changes 
m othei poitions of the tubes Previous workers noted that then 
cases seemed to show an mciease in the thickness of the bronchial wall 


Outside diameter of bronchus 



Cartilage 


.Gland 

ttiicKncss 


Muscle 

thiOKness 


Fig 14 — Diagrammatic view of the cross section of a bronchus to show the 
method used in making the measurements of the different structures 


but to oul knowledge no actual proof has yet been given for the 
existence of such a change In ordei to obtain definite evidence on this 
important point, we have made a comparison of the measurements of 
the bronchial structures of asthmatic and nonaslhmatic individuals 
The typical tiansverse sections of the bionchi and bronchioli on 
which histologic studies were made were measuied mici oscopicall}'- with 
the miciometer, m the following manner n=:mean distance between 
outei holders, b = mean diameter of lumen, c= epithelial layer thick- 
ness, basement meinbiance thickness, g = subepithelial layer 
thickness, / == muscle bundle thickness, and g — mucous gland diameter 
(Fig 14) The classification of bionchi as to size is based on the 
measurement between outer holders and not on the diameter of the 
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lumen, as is usually done This method gives, we believe, especially 
m all cartilage-beanng tubes, a better basis for comparison than the 
usual method The measurement of the lumen takes into account the 
slight irregularities due to the shallow longitudinal epithelial folds The 
epithelial thickness is measured from the attachment of the cilia to the 
point of contact with the basement membrane The basement membrane 
thickness is measured only in those sections in which its borders are 



Fig 15 — Graphs showing comparison of wall thickness 


distinct The measurement of the subepithelial layer, which includes 
all tissues between the basement membrane and the muscle layer, also 
takes into account the longitudinal epithelial folds The diameters of the 
muscle bundles and of the mucous glands are measured at right angles 
to the tube lumen All measurements are made, as far as possible, 
in the tube segment with most uniform structures, otherwise the mean 
of several measurements is taken 
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Thirteen individuals, six asthmatic and seven nonasthmalic con- 
stitute our material on which the measurements of the bronchial 
structures were made Some impoitant data concerning them are given 
in Table 1 


TABLE 1 — Data Rcgarding Individuals Wiiose Bronchi Were Measured 



Se\ 

‘\ge 

Dcatb Due to 

Chief Complaint 

1 

B 

F 

>5 yrs 

Suicide — droH ning 

Asthma 

2 

G 

M 

55 j rs 

Asthma 

Astluun 

3 

Lc 

M 

29 yrs 

Abscess ol lung 

Asthma 

4 

F L 

M 

29(?) jrs 

Acute fatal nnnpbylii\ls 

Asthma— liorsc 


L 

F 

17 >rs 

Acute streptococcus infection 

Asthma 

f. 

Baby A 

F 

15 mos 

Asthma 

Asthma 

7 

Gr 

M 


Cardiac decompensation 

Chionic bionchitis 

8 

Br 

F 

02 jrs 

Carcinoma of stomncli 

Oincinoma 

9 

A 



Pneumonia of 1 lover lobe 

Chronic bionchitis 

10 

N L 


27 jrs 

Suicide, jugulars sex erccl 

Psj chosis 

11 

R 



Suicide, shot through heart 

Psj chosis 

12 

B 



Br.iln abscess 

Brain abscess 

13 

Babj N 


16 mos 

Fntentis 

Enteritis 


Numbers 7 and S) are omitted from nil graphs because of the questioned diagnosis of enrlj 
asthma Numbers (5 and 13 are also omitted from all graphs because of the joutli of tbc«e 
patients, bon ever, separate graphs, not reproduced here, sbon similar increased thickness in 
the tubes of the asthmatic child 


The measurements obtained from these subjects are given in 
Tables 2 and 3 

There are certain unavoidable apparent sources of error in the 
figures given in Tables 2 and 3 and m order to offset these the laigest 
number of measurements possible aie taken Groupings by tube size is 
open to the objection that moie measurements may be made near one 
extreme in one group than in the olbei, but oui figuies show that such 
occuirences influence the graphs about equally Because of the maiked 
variations m the size of the bronchi at the same distance fiom the 


bifurcation of the trachea m diffeient persons, the ciiticism that the 
increase m wall-thickness in our asthmatic subjects may be due to a 
uniform contraction of all tubes cannot be answeied definitely The 
size and thickness of the bronchial cartilaginous plaques vary greatly, 
depending somewhat on nearness to a bifurcation, so that measure- 
ment of these plaques is of little value m determining location How- 
evei, the longitudinal folding of the epithelial layer, which may be 
one evidence of contraction, shows no consistent variation m the two 
groups of cases It will be noted that tubes of the same size m the 
same individual show marked variations m structures but these are 
as striking in one gioup as m the other Differences in numbers of 
measurements obtainable from different peisons aie unavoidable— the 
greatest numbers being obtained m those whose lungs furnished the 
greatest number of typical sections The number of typical sections 
obtainable from each individual is limited by the amount of lung tissue 
originally obtained and the amount of tissue uninfluenced by other 
pathologic conditions such as pneumonia, etc 








TABLE 2 — Measurements in Millimeters of Bronchi 
AND Bronchioli Adults 

These tables are arranged so that the outside diameter of the bronchial 
tubes IS taken as the fixed standard of comparison The differences in the 
size of structures of the asthmatic and non-asthmatic individuals as obtained 
from these measurements are demonstrated graphically in Figures 15, 16 and 17 


Name 

Diagnosis 

Out 

side 

Diam 

eter 


Wall 

Thick- 

ness 

1 

Epithe 

hal 

Thick 

ness 

Base- 

ment 

Mem- 

brane 

Thick- 

ness 

Sub 

Epithe- 

lial 

Thick 

ness 

Muscle 

Thick 

ness 

Gland 

Diam 

eter 

Normal L 

Normal 

0 22 

012 

0 05 

0 013 


0 016 

0 010 


Normal B 

Brain abscess 

0 28 

018 

0 05 

0 016 


0 013 

0 0 0 


Mr E L 

Asthma 

0 28 

018 

0 05 

0 025 


0 010 

0 016 


Miss L 

Asthma 

0 30 



0 019 


0 016 

0 013 


Mr G 

Asthma 

0 32 

014 

0 09 

0 016 


0 036 

0 026 


Mr G 

Asthma 

0 33 

017 

0 08 

0 016 


0 016 

0 023 


Miss E 

Asthma 

0 35 



0 022 


0 016 

0 012 


Normal L 

Normal 

0 36 

014 

on 

0 010 


0007 

0 010 


Normal E 

Normal 

0 36 

012 

012 

0 016 


0 033 

oo;o 


Mr E E 

Asthma 

0 36 

012 

012 

0 039 


0 028 

OO’S 


Mr E E 

Asthma 

0 38 

014 

012 

0 023 


0 028 

0 021 


Normal B 

Brain abscess 

0 40 

015 

0125 

0 016 


0 016 

0 026 


Normal B 

Brain abscess 

0 42 

010 

016 i 

0 016 


0 016 

OO’O 


Mr B 


0 44 

028 

008 1 

0 013 


0 013 

0 013 


Mr G 

Asthma 

0 48 

015 

0165 1 

0 020 


0 033 

0 050 


Normal B 

Carcinoma 

050 

0 21 

0145 ' 

0 013 


0 019 

0 013 


Normal B 

Brain abscess 

050 

014 

018 

0 013 


0 010 

0 033 


Mr E E 

Asthma 

050 

014 

018 

0 036 


0 023 

0 050 


Mr E E 

Asthma 

050 

0 26 

012 

0 033 


0 023 

0 019 


Mr Gr 

Bronchitis 

0 50 

0 22 

014 

0 013 


0 020 

0 033 


Normal B 

Carcinoma 

058 

025 

0165 

0 016 


0 026 

0 033 


Normal E 

Normal 

0 59 

0 30 

0145 

0 029 


0 033 

0 018 


Mr E 


0 61 

0 24 

0185 ! 

0 013 


0 026 

0 023 


Miss L 

Asthma 

061 

010 

0 27 

0 033 


0 023 

0 019 


Mr R 


064 

022 

0 21 



0 023 

0 019 


Mr R 


0 67 

0 24 

0 215 

0 033 


0 026 

0 026 


Normal E 

Normal 

068 

0 30 

019 

0 025 


0 042 

0 025 


Mr R 


0 70 

024 

023 

0 033 


0033 

0 037 


Mr Ee 

Asthma 

0 70 

0 20 

025 



0 042 

0 016 


Mr R 


0 71 

0 30 

0 205 

0 021 


0 023 

0 026 


Mr R 


0 71 

0 26 

0 225 

0 033 


0 050 

0 049 


Mr R 


0 71 

0 31 

0 20 

0 013 


0 033 

0 033 


Mrs B 

Asthma 

0 71 

0 40 

0155 


0 0066 

0028 

0 014 


Normal B 

Brain abscess 

0 80 

0 52 

014 

0 018 


0 021 

0 021 


Normal E 

Normal 

0 80 

060 

010 

0 019 


0 016 

0 019 


Mrs B 

Asthma 

0 86 

060 

013 


0 0066 

0 014 

0 014 


Normal E 

Normal 

087 

0 70 

0085 



0 016 

0 016 


Normal E 

Normal 

0 87 

0 48 

0195 

0 016 


0 026 

0 019 


Mr R 


0 87 

0 32 

0 275 

0 019 


0 050 

0 039 


Mr Gr 

Bronchitis 

088 

066 

Oil 

! 


0 056 

0 042 


Normal E 

Normal 

0 91 

0 40 

0 255 

0 052 


0 042 

0 042 


Mr G 

Asthma 

100 

062 

019 

0 040 


0 026 

0 033 


Mrs B 

Asthma 

100 

0 70 

015 


0 010 

0 070 

OlOO 


Mrs B 

Asthma 

100 

0 70 

015 


0 0066 

0 028 

0 014 


Mr R 


100 

053 

0 235 

0 013 

1 

0086 

0 039 


Mr R 


1 10 

050 

0 30 

0 083 


0 033 

0 040 


Normal B 

Brain abscess 

1 10 

064 

0 23 



0 026 

0 016 


Mr G 

Asthma 

112 

0 62 

0 25 

0 026 


0 033 

0 0,6 


Normal B 

Brain abscess 

1 20 

0 80 

0 20 

0 013 


0 084 

0 028 


Normal B 

Brain abscess 

1 20 

0 80 

0 20 



0 070 

0 028 


Mr R 


128 

0 63 

0 325 

0 023 


0 083 

0 050 


Normal E 

Normal 

1 40 

0 86 

0 270 

oon 


0 070 

0 019 


Mr G 

Asthma 

1 43 

060 

0 415 

0 033 

0 0066 

0 040 

0 037 

017 

Mr G 

Asthma 

160 

1 10 

0 22 

0 015 


0 056 

0 033 

018 

Normal Br 

Carcinoma 

168 

160 

0 34 

0 023 


0 039 

0 030 


Miss E 

Asthma 

1 80 

1 10 

0 35 

0 050 


0 050 

0 033 


Normal Br 

Carcinoma 

180 

116 

032 



0 033 

0 033 


Mr A 

Bronchitis 

180 

0 92 

0 44 



0 056 

0140 

050 

Normal Br 

Carcinoma 

184 

1 16 

0 34 



0 033 

0 033 


Mrs B 

Asthma 

1 90 

150 

0 20 


0 010 

0 015 

0 043 


Normal L 

Normal 

195 

125 

035 



0 056 

0 040 

0 46 

Normal Br 

Carcinoma 

1 96 

127 

0 345 



0 033 

0 033 


Mrs B 

Asthma 

210 

0 62 

0 74 


0 010 

0 090 

0110 

0 31 

Mr F L 

Asthma 

210 

092 

0 59 

0 060 


0058 

0150 


Mrs B 

Asthma 

2 20 

1 30 

0 45 

0 033 1 

0 012 

0 042 

0 042 

0 30 

Mr R 


2 20 

1 60 

0 30 



0 033 

0 026 


Normal Br 

Carcinoma 

2 20 

1 OO 

0 60 

0 045 

0 0066 

0 070 

0 070 

0 24 

Mr G 

Asthma 

2 28 

1 16 

056 



00 0 

0 084 


Mr A 

Bronchitis 

2 30 

110 

060 


0 0099 

0100 

0140 

0 50 

Mr A 

Bronchitis 

2 40 

100 

0 70 



0120 

0180 

0 28 

Mrs B 

4^sthma 

2 40 

1 00 

0 70 



0100 

OlOO 

058 

Mr G 

Asthma 

2 40 

1 00 

0 70 

0 065 


0 056 

0 056 

0 50 
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TABLE 3 — Measurements in Millimeters of Bronchi and 
Bronchioli Infants 


Name 

Diagnosis 

Out- 

side 

Diam 

eter 

In 

side 

Diam 

eter 

Wall 

Thiclv 

ness 

Epitbe 

lial 

Thick- 

ness 

Base 

ment 

Mem 

brane 

Thick 

ness 

Sub- 

Epithe 

hal 

Thick 

ness 

Muscle 

Thick 

ness 

Gland 

Diam 

eter 

Infant A 

Asthma 

0 38 

018 

010 

0 016 



0 007 


Infant N 

Lntentis 

038 

0 20 

009 

0 013 


0 007 

0 010 


Infant N 

Enteritis 

050 

038 

006 

0 016 


0 013 

0 010 


Infant A 

Asthma 

066 

0 36 

015 

0 033 


0 070 

0 056 


Infant N 

Enteritis 

0 72 

0 46 

013 

0 026 


0 016 

0 013 


Infant A 

Asthma 

0 92 

0 62 

015 



0 019 

0 010 


Infant N 

Enteritis 

0 94 

0 50 

0 22 

0 040 


0 020 

0 017 


Infant A 

Asthma 

lOO 

0 46 

0 27 



0 016 

0 016 


Infant N 

Enteritis 

118 

0 86 

018 

0 050 


0 033 

0 017 


Infant A 

Asthma 

140 

100 

0 20 



0028 

0 012 


Infant A 

Asthma 

1 40 

050 

0 45 

0 036 


0 033 

0 016 


Infant N 

Enteritis 

1 54 

086 

0 34 

0 050 


0 033 

0 017 


Infant A 

Asthma 

1 CO 

088 

0 36 



0 033 

0 020 

0 20 

Infant N 

Enteritis 

ISO 

lOO 

0 40 

0 050 


0 025 

0 025 


Infant N 

Enetritis 

1 SO 

100 

0 40 

0 050 


0 027 

0 020 


Infant A 

Asthma 

2 20 

120 

050 



0066 

0 033 

0 20 

Infant A 

Asthma 

220 

100 

060 

0 040 


0 070 

0 024 

0 36 

Infant A 

Asthma 

2 20 

1 40 

040 



0 070 

0 042 


Infant A 

Asthma 

2 40 

1 10 

065 



0 084 

0 042 

022 

Infant A 

Asthma 

2 40 

1 CO 

0 40 

0 039 


010 

0 023 

0 20 

Infant N 

Enteritis 

2 40 

156 

0 42 

0 042 


0 042 

0 023 

014 

Infant N 

Enteritis 

256 

156 

050 

0 042 


0056 

0 042 

028 

Infant A 

Asthma 

2 60 

13 

0 65 

0 033 


0 084 

0 012 

0 42 

Infant A 

Asthma 

264 

136 

064 

0 033 


0 084 

0 019 

0 36 

Infant N 

1 nteritis 

2 68 

1 54 

0 57 

0 040 


0 013 

0 013 

028 

Infant A 

Astlima 

300 

18 

060 



0046 

0 026 

042 

Infant A 

Asthma 

3 40 

14 

100 

0 029 

0 066 

0157 

0 042 

0 30 

Infant A 

Asthma 

4 50 

24 

105 

0026 


0140 

010 

0 70 

Infant N 

Fntentis 

5 50 

35 

100 

0 013 

0 0066 

0 084 

0146 

0 30 

Infant A 

Asthma 

560 

2 40 

160 

0 033 

0 0066 

0142 

010 

0 72 

Infant A 

Asthma 

6 50 

250 

200 

0 046 

00066 

010 

0 056 

0 42 

Infant A 

Asthma 

7 50 

350 

200 

0 042 


0 070 

0 084 

058 

infant N 

Enteritis 

7 50 

4 50 

1 50 

0 036 


0 070 

0120 

058 


Figure 15 shows graphically the differences in wall thickness in 
the asthmatic and nonasthmatic subjects Figures 16 and 17 show 
graphically the differences m the subepithehal layer and the muscle 
bundle thickness in the same groups of subjects The increase in the 
wall thickness in asthmatics is accounted for only in part by the 
increased size of the subepithehal layer and of the muscle bundles 
Measurements show, however, that the mucous glands m most of our 
asthmatic subjects are considerably enlarged, and as this gland system 
is present inside, outside and between the edges of the cartilaginous 
plaques, no adequate system of measurement could be devised to 
determine the actual increase due to gland changes We recognize also 
the change produced by hyperemia in the tissues between the cartilages 
and muscle bundles, but this change is difficult to determine by measure- 
ments because of the influence of glandular changes The tubes with 
an outside diameter of less than 2 mm show m the graphs only a 
slight lariation in thickness, the asthmatic group showing somewhat 
smaller measurements probably due to the influence of emphysema 
The thickness of epithelium, subepithehal layer and muscle bundles m 
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divisions of the tubes below the bronchioli are practically the same in 
the two groups 

A great deal of caution must be observed m the interpretation of 
epithelial fold formation as evidence of abnormal bronchial contraction, 
as deep folds are frequently found postmortem in apparently normal 
bronchi and bronchioli much like the folding of the intima in arteries 



Fig 16 — Graphs showing comparison of subepithehal thickness 


We have examined the bronchi and bronchioli of many persons who 
died of various disorders and have gained the impression that the 
epithelial folding, when present in asthmatics, is of a greater degree 
than that found in nonasthmatic (Cases 2 and 4) The amount of 
variation is of about the same degree as that found in the normal and 
in the anaphylactic guinea-pig lung Pictures like those shown in 
Figures 18 and 19 are not usually seen in the lungs of normal guinea- 
pigs when the animal is killed by a stroke on the head It is just such 
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pictures, m addition to the theraputic (inhibitive) eftect of epinephrin 
and atropin, which form the chief evidence for the hronchospastic 
origin of the acute emphysema of the anaphylactic shock in the guinea- 
pig While asthma is a chronic condition and is frequently accompanied 
by varying degrees of emphysema, the acute paroxysmal attack is the 



Fig 17 — Graphs showing comparison of muscle thickness 


main characteristic symptom of the disease, and when associated with 
an acute stage of emphysema it forms the equivalent to the anaphylactic 
shock In three of our cases (Cases 2, 3 and 4) the lumina of many 
small bronchi and bronchioli are almost occluded by folded epithelium 
(Plate 2, A and B, Fig 9) The marked folding of the epithelium 
in our other cases is present but is not so striking as in the three 
cases cited 



TABLE 4— General Summary or Clinical Data of All Cases 


Case 

Beported 

by 


1 


Occupa- 

tion 

Dura 

tion 

Heredity 

Associated 

Disorders 

Cause of 
Death 

1 

V Lejden 

1SS6 

40 

$ 


Prom 

child 

hood 

Not re 
ported 


Died during 
an attack 

2 

Berk irt 

1889 

37 

9 


14 >rs 

Not re 
ported 


Died during 
an attack 

3 

F Schmidt 

1S92 

49 

9 

1 

Waitress 

2 3 «ks 

Not re- 
ported 

Carcinoma in 
mediastinum, 
articular 
rheumatism 

Died during 
an attack 

4 

A Fncnkel 

1898 

03 

1 

1 

d 

Carpenter 

9-10 mos 

Not re 
ported 

Elieumatism, 
gout, bron 
clilal catarrh 
(3 yrs ) 

Died during 
an attack 

6 

A Fraenkel 

1900 

48 ' 

d 

Not re- 
ported 

At least 
20 mos 

Not re- 
ported 


Died during 
an attack 

6 

Jezierskl 

1905 

03 I cT j 

Gardener 

Probably 

about 

4 jrs 

Father had 
asthma 

Pneumonia 

Pneumonia 

7 

Jezierski 

1905 

46 ' 

1 

t 


Silk- 
w eaver 

12 yrs 

Not re 
ported 


Died during 
nn attack 

S 

Elhs 

1908 

21 ^ 

( 

< 

1 

cT 

Coach 

man 

At least 

1 yr 

Not re- 
ported 

Tachycardia 

Died during 
an attack 

9 

Monckeberg 

1909 

29 

j 

d 

Mason 

3 jrs 

Not re- 
ported 

Pneumonia 
at 12 and IS, 
psoriasis, 
anas irca 

Died during 
an attack 

10 

H Heizer 

1911 

2 , 



After 9th 
month 

Negathe 

Kczema 

Died during 
an attack 

11 

Tichmenefl 

1913 

29 


College 

student 

Prom 

child 

hood 

Not re 
ported 

Croup, nasal 
catarrh 

Duodenal 

hemorrhiige 

12 

Marcband 

1915 

53 



23 yrs 

Mother had 
asthma and 
bronchitis 

Bronchitis 
since 17tli 
year 

Died dur ng 
an attack 

13 

Marchand 

1915 

45 

9 


At least 
Ijr 

Not re- 
ported 


Died during 
an attack 

14 

Marchand 

1918 

48 

d 

Chemical 

worker 

2 yrs 

Aunt had 
asthma 


Died during 
an attack 

15 

Kamchorn 
and Ellis 

1921 

52 

d 

Actor and 
fish- 
monger 

From 

child- 

hood 

Father, 
father’s 
mother, 1 
uncle, 1 aunt 
and 1 child 
had asthma 


Heart fall 
ure 

10 

Huber and 
Koessler 

1922 

55 

9 

Musician, 

housewife 

5 yrs 

Negative 

Bronchitis 
and coryza 

Suicide by 
drowning 

17 

Huber and 
Koessler 

1922 

55 

d 

Heal 

estate 

6 yrs 

Mother, 2 
sisters, 1 
brother and 
1 child had 
asthma 

Bronchitis 

Died during 
an attack 

18 

Huber and 
Koessler 

1922 

17 

9 


From 

child- 

hood 

Negative 


Pericarditis 
and peri ton 
itis 

19 

20 

21 

Huber and 
Koessler 

Huber and 
Koessler 

Huber and 
Koessler 

1922 

1922 

1922 

29 

32 

15 

mo 

d 

d 

9 

Soldier 

Car 

repairer 

19 yrs 

From 

child 

hood 

5 mos 

Mother had 
asthma 

Negative 

Negative 

Head colds 

Eczema, un 
dernour.slied 

Fata] ana 
phylaxis 

Abscess of 
lung, pneu 
monia 

Died during 
an attack 


* In tins column, d" indicates male, and $ female 
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The increased thickness of the muscle layer of the bronchi in all 
of the cases reported is apparent from our measurements The muscular 
tissue IS well developed, not only in the middle sized and small bronchi 
but even in the bronchioh This increase m the size of the smooth 
muscles surrounding the bronchi may be due to a true increase in the 
size and quantity of the muscle cells, therefore a true hypertrophy, 
or it may be due to an increased contraction of the muscle Increased 
contraction of a smooth muscle implies with few exceptions increased 
muscular tonus and the increased thickness of a smooth muscle due 



Fig 18 Gumea-pig Fatal horse serum anaphylaxis Large bronchus Cross 
section Epithelium deeply folded and almost obliterating the lumen Muscle 
layer forms a distinct la 3 er There are no glands / = lumen, c = epithelium , 
in = muscle , c = cartilage , al = alveoli Magnification, 70 diameters 

to contraction is the morphological expression of hypertonus These 
factors — hypertonus, repeated contraction, and hypertrophy are closely 
and functionally related and probably all three are involved in the 
production of the increased thickness of the muscle tissue in the bronchi 
of the asthmatic 


24 Baj'hss General Phjsiology, p 538 



HUBER-KOESSLER— BRONCHIAL ASTHMA 745 

The deductions winch are permissible from the data obtained by 
than 2 mm outside diameter is greater m the asthmatic group (2) 
these measurements are (1) The wall thickness of tubes of more 
This difference is due to increased thickness of the subepithelial layer, 
of the muscle bundles and of the tissues outside the muscle bundles 

TISSUE EOSINOPHILIA IN BRONCHIAL ASTHMA 

Of the cellular elements found in the bronchial secretory system 
and its product, the sputum, the most interesting are the eosinophil 



Fig 19 — Guinea-pig Fatal horse serum anaphylaxis Bronchiole Cross 
section Lumen obliterated by folded epithelium e = epithelium , muscle, 
al =: alveoli Magnification, 90 diameters 

cells Their numerical increase in the circulating blood and then pre- 
dominance in the sputum during the attack have been considered for 
many years a characteristic clinical symptom of asthma Since the 
diagnostic value of this finding has been questioned, various observers 
reporting that m other diseases of the lungs and bronchi an increased 
number of eosinophils is present in the sputum, we wish to state that 


25 Von Hoesslm, H Das Sputum, Berlin, Springer, 1921, pp 114-120 


TABLE 5— General Summto- 


Case 

Macroscopic Description 

1 : 
V Leyden 
(188G) 

Marked vesicular emphysema, 
bronchial mucosa leddened, 
small bronchi partially occluded 
by mucous m isses 

2 

Berkart 

(1889) 

Right apical adhesions, lungs 
emphysematous, masses almost 
occlude right m,un bronchus 
and one branch of left, smaller 
bronchi dilated and partially 
occluded, heart dilated and 
hypertrophic, moderate ascites 

3 

Schmidt 

(1892) 

Tumor masses in left side of 
neck and extending into an 
tenor mediastinum and upper 
lobes of both lungs, bilateral 
apical adhesions, lungs contain 
much blood, small bronchi con 
tain masses of mucus 

4 

Praenkel 

(189S) 

Right apical adhesions, lungs 
emphysematous, nodulir hep it 
ization in lower lobe, bronchi 
contain masses which can be 
pulled out thread like walls of 
bronchi thickened, dilation of 
right and left ventricles 

5 

Praenkel 

(1900) 

Middle sized and small bronchi 
occluded by screw shaped clots 

6 

Jezierski 

(1905) 

Bight lung pneumonic, bronchi 
of left dilated, mucosa hjper 
emie 


Fluid in both pleural cavities, 
left lung emphysematous 

Elhs 

(1908) 

Lungs emphysematous right ad 
hesive pleuritis many bronchi 
occluded by greenish colored 
mucus 

9 

Monckeberg 

(1909) 

Ascites, anasarca, bilateral ad 
hesive pleuritis, mediastin il 
and peribronchial lymph glands 
enlarged, lungs air filled, walls 
of bronchi thickened, lumen of 
most of smaller bronchi oc 
eluded bj mucus, right heiit 
enlarged, aorta narrowed 

10 

H Hcizor 
(1911) 

Lungs distended, many bronchi 
almost oecluded by mucus 
right yentriclc thickened 

11 

TichmenelT 

(1913) 

500 c c fluid in left pleural cay- 
itj , left adhesno pleuritis, 
cay ity m loft upper lobe muco 
pus in bronchi, ulcer in duo 
denuni 

12 

Marchand 

(1915) 

Lungs emphysematous, occlusion 
of many small bronchi, slight 
hypertrophy of right heart 


Content of Lumen of Bronchi 


Small bronchi piitially occluded, 
Mucus adherent to epithelium 


Misses composed of degenerating 
cylindrical epithelium, small 
bronchi contain dctiitus and 
fiagmcnts of Chaicot Lc> den’s 
crystals 


Mnnj bronchi almost occluded 
by misses containing cells, these 
masses form spirals 


Mucous masses contain twisted 
threads, and epithelial cells 
«hich aie greatlj elongated, lo 
eosinophils 


Mucous masses complete^ ocelud 
ing many bronchi and made up 
of layers containing elongated 
epithelium and eosinophil cells 

Middle-sized and small bronchi 
of left partly occluded by mucus 
containing desquamated epithe 
hum, neutrophils, eosinophils 
and lymphocytes 

Small bronchi of left occluded by 
mucous plugs containing elon 
gated epithelial cells, round 
cells, eosinophil cells 

Most of smaller bronchi occluded 
by mucous plugs tontaining 
some degenerated epithelial cells, 
neutiophils and a ^e^^ eosmo 
phils, mucous plugs show spiral 
irrangement 

Small bronchioles empty, larger 
bionchioles oecluded by mucous 
plugs containing desquamated 
epithelial cells and round eells, 
mucus shows spiral arrange 
ment, Charcot Leyden’s erjstals 
in larger bronchi 


Contains leuLocjtes and epithe- 
lium 


Mucus containing round cells and 
leuLocj tes m m inj bronchi 


Plugs in bronchi composed of 
epithelium, round cells ind 
crystals 


Fpithelium 

Basement 

Membrane 

Subepilheii' 

Layer 

Almost all 
denuded, one 
deep ulcer ex 
tends almost 
to cartilage 



Well retained 


Much den e C 1 
infiltrated bj 
round cell 

High grade 
desquama 
tion 


lliickened 

Cells in small 
bronchi 
greatly 
elongated 

Fairly re 
tamed and 
infiltrated 
by round 
cells 


Groups of led 
cj tic cells 
eosinophil w 

Inflltmtcdt _ 
round cell' 
tissue lucres', 

many engorti 
blood \e 

Mostly intact 

Interrupted 
by accumu 
lations of 
round eells 

Contain bl 
round ceiL 

Mostly intact 
in smaller 
bronchi, des 
quamated m 
larger 

Hyalinized in 
the larger 
bronchi 

Contaiiu®*'' 
poly nuclear c 
sonic bt St 
eosinoph i 
ceil 

Mostly intact 

Hyalinized 
and thick 
ened in 
larger 
bronchi 

lnflltratf|l ! 
round ccl>> * , 
many cos® 
cells, CO" ’ 
direrticuls’ , 

protrusion ' 

cpitbcl'"’’ 



TliiclvcncdM,-' 

filtratioE c' , 
anddeK"^'" 
capdln^^ 

Greatly elon 
gated, hy 
perplasia 


Tliiclc"''^ , 
marked coi 
cell 1"“' 
tratlo" 

Contains 
many goblet 
cells, infll 
trated by 
cells 


InfiltrH«|,'' 
round ob 
sonic eo'^ 

pblic’”' 



1 Pathology or All Cases 


Muscle 

Mucous 

Glands 

Pibrocartilag 
inous Layer 

Blood 

Vessels 

1 Nerves 

Alveoli 

Lymph 

Glands 

Other 

Tissue 





1 

Some dilated, 
most filled by a 
granular mate 
rial containing 
many large cells 




Mucous glands 
small and 
atrophic 




Pmphyscnin 
tous, some 
contain a 
fibrinous 
exudate 




Mucous glands 
in active 
secretion 


Periarteiitis 
obliterans In 
vessels of 
upper lobe 


Some dilated and 
some filled by 
mucus, no 
spirals, broncho 
pneumonic areas 
about some 
bronchi 


1 



Thickened, 
Infiltrated by 
round cells 

rvtremcly 
dilated in 
mucosa of 
bronchi 


Some dilated, 
some contain 
blood 

Large and 
pigmented 


osinopiiil cells 
ictween muscle 
bundles 

Marked cellular 
infiltration, 
many eosinophil 
cells in glands 


j 

Bronchial capil 
larlcs markedly 
distended 

1 

Patchy emphy- 
sema, alveoli 
contain a few 
eosinophil cells 

j 




Contains many 
round cells 

Many new- 
formed en- 
gorged blood 
vessels in walls 
of bronchi 

Phrenic 
^ nerve eon 
tains degen 
or iting 
fibei' 


Numerous 
groups of 
lound cells 
in wall of 
bronchi 




Contains many 
round cells 

Surrounded in 
many cases by 
round cells 


No change 

Bronchial 

glands 

anthra- 

cotic 


Not changed 

Contains many 
mononuclear 
cells, some 
being cosino 
phll cells 

1 

Vessels In 
bronchial well 
engorged by 
blood 


Many distended, 
some contain 
many eosino 
phil cells 


Not changed 

Increased in 
obular septao, 
increased in 
bronchi and 
larger bron- 
chioles 

i 

Large 

Contains many 
mononuclear 
and polynu 
clear cells 

Pulmonary 
artery sclcro 
tic, pulmonary 
veins thick 
cned 


Some occluded 
by granular 
precipitate 

Prominent lym 
phoid nodules 
in larger 
bronchi 



Greatly enlarged 
and filled by 
mucus 


Distended 


Some distended 

All enlarged 


H.>pcrtroplned, 

1 infiltrated by 
round cells 

rnlarged, m 
filtrated by 
round cells 




Some contain 
leukocytes 



Infiltrated by 
' round cells 

Contain many 
round cells 





Distinet nodes 
formed m walls 
of middle sized 
and smaller 
bronchi 

! 


TABLE 5 — Gener\l SuMiUR-i- 


1 

Macro'copic ne^-eript on 

Content of Lumen of Bronchi 

1 

Lpithcliuni 

1 

1 Basement 
Membr me 

1 

Subepithdinl 

Layer 

1 

lo ' 

M irrl) mil 
(I'Ti) 

Pulmomrj cmphfscmn, some 
bronchi almost otcludcd b^ 
o\udntc, bronchial mucosa 
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on the basis of the examination of several hundred patients suffering 
from true bronchial asthma and other respiratory disease associated 
tilth dtspnea, t\e can say that the coincidence of sputum and blood 
eosinophilia in the same indn idual seems to be a pathognomonic symp- 
tom of the astlimatic state Exceptions to this statement are pulmonary 
distomatosis and hidatid disease 

In our work tie are mainly concerned with the local accumulation 
of eo'^mophll cells in the tissues of tlie bronchi a localization tvhich has 
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number of these cells in the bone marrow m cases of high blood 
eosinophilia 

From this viewpoint any increase of the eosinophils m the circulating 
blood and in the tissues is to be considered as a (protective?) reaction 
of the leukopoietic centers of the bone marrow to the stimulus of an 
unknown toxic substance In bronchial asthma this eosinophilotactic 
substance is either actually formed in the tissues of the respiratory 
system or it has, wherever formed in the organism or wherever intro- 
duced to it from without, an elective affinity for this system Such an 
elective organ localization of chemical substances is not to be considered 
as a special postulate for this problem but constitutes the basis of most 
pharmacodynamic actions 

There are, however, many histologists who consider the local eosino- 
philia in the bronchi as a true primary autochthonous tissue eosinophilia 
They believe that the eosinophil cells are formed in the bronchial tissue 
through myelocytic metaplasia from the perivascular connective tissue 
cells over the "lymphocyte ” The secondary blood eosinophilia may be 
due, then, to the passage of the eosinophil cells from the bronchial 
tissues through the bronchial capillaries into the general circulation, 
or It may be due to a simultaneous stimulation of both the pulmonic 
perivascular tissues and the bone marrow The faculty of forming new 
myelocytic cells in the adult organism we usually concede only to those 
organs which in the development of the embryo possess the property of 
leukopoiesis, i e , the bone marrow, liver, spleen, lymph glands, kidneys 
and thymus In certain pathologic conditions (e g, leukemia), and 
others associated with severe infections and toxemias (e g , congenital 
syphilis) the remnant foci of the embryonic leukopoiesis in these organs 
are stimulated to proliferation and renewed activity in the direction of 
their original function The difficulty that such preexisting myeloid 
tissue is not known in the bronchial mucosa and submucosa is removed 
by the assumption that all perivascular adventitial connective tissue is a 
latent hematopoietic and leukoblastic organ This conception, based on 
the early studies of Virchow and later studies of Marchand on the 
cellular products of inflammation and on the perivascular lymphoma 
formation of Ribbert, has been especially adopted by Pappenheim, 
Weidenreich and by G Schwarz 

As far as the bronchial mucosa m asthma is concerned, the idea of 
the autochthonous local eosinophilia is mainly based (1) on the occur- 
rence of mononuclear eosinophil cells m the sputum and the bronchial 
tissue, (2) on the complete absence of such unicellular elements in the 
circulating blood, and (3) on the enormous number of the eosinophil 

26 Opie, E Cells with Eosinophil Granulations, Am T M Sc 127 217, 
477, 988, 1904 
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cells, polymoiphoniicleai as well as nionoiiuclear, in the tissue, fai too 
many, as is argued, to have been accumulated fiom the blood even if 
it showed a consideiable eosmophilia 

The last quantitative argument might be fust consideied It is well 
known that a very maiked local tissue eosmophilia does fiequently 
exist without eosmophilia of the blood This is very often to be 
observed, for instance, m the peiiphery of malignant tumors, and 
then — a rarer incidence — in the pleura and exudate of eosinophilic 
pleuiitis It IS just this discrepancy of the normal amount of eosino- 
phils m the blood and of then abundance in the tissue which is taken 
as one proof foi then local genesis But it could be shown by a simple 
calculation that m bronchial asthma enough eosinophil cells can be 
lemoved from blood with a normal content of these cells to account 
even for their most extensive accumulation in the lespiratoiy tissue 
Thus Heineke and Deutschmann observed during an asthmatic attack 
a decrease of the eosinophilic polymorphonuclear cells m the blood fiom 
2 1 to 0 4 per cent Calculated for 1 liter of blood, this means that 
126,000,000 eosinophil cells have disappeared from the cii dilation and 
could have accumulated by chemotactic emigration in the tissues J G 
Taylor, m his studies in leukemia, has made a similar calculation 

What now regarding the occurrence of mononuclear eosinophilic 
cells ("myelocytes”) m the tissues of the asthmatic patient 7 

Oui material furnished us an unusual oppoitunity for studying 
this special phase of the question The tissue eosmophilia was very 
marked in the first case, bacterial asthma (asthmatic bronchitis), 111 the 
fourth case, anaphylactic horse serum asthma, and excessively so in 
the sixth case — food asthma in an infant The accumulation of 
eosinophil cells m the wall of and in the tissues about some of the 
bronchial capillaries is very striking but m the same section of the 
same bronchus the walls of and the tissues about many capillaiies are 
fiee of eosinophil cells Again, the location of the eosinophil cells 
varied greatly , in Case 6 they were most numerous between the muscle 
tissue and the cartilages, while m the other cases they were most 
numerous m the subepithehal layer In some cases (Cases 1 and 6) 
the mucous glands contain many of these cells In the wall of a blood 
filled bronchial vein (Case 6), which lies between a cartilage plaque and 
a muscle bundle, there are three migrating eosinophil cells, each of 
which lies between adjoining endothelial lining cells and partly inside 
the vessel Immediately surrounding the vessel there are many poly- 
morphonuclear eosinophil cells and a few small round cells Many 


27 Hemeke und Deutschmann Das Verhalten der weissen Blutzellen 
wanrcnd des Asthmaanfalles, Munchen med Wchnschr 53 797, 1906 

28 Taylor, J G Studies in Leukemia, Contribution from the William 
Pepper Laboratory of Clinical Medicine, Philadelphia, 1900 
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similar pictures are seen on further careful study of these tissues The 
sinuses of the bronchial lymph glands (Case 6) contain many poly- 
morphonuclear eosinophil cells but the sinuses of the mesenteric lymph 
glands contain only an occasional eosinophil cell The spleen (Cases 4 
and 6) shows very many eosinophil cells, almost all of which are 
polymorphonuclear 

Most of the eosinophil cells are polymorphonuclear cells with 
usually two or three nuclear fragments On closer focusing and study, 
fine chromatin threads can be seen which connect the parts of the 
nucleus with each other There are many cells which on first inspection 
give one the impression of possessing a single nucleus, but most of 
these, when studied in different planes of depth, with powerful magnifi- 
cation, are seen to have nuclei with two or three fragments There 
remain, however, a few eosinophil mononuclear cells, whose nucleus 
cannot be separated by the eye in such a manner (Plate 3, C) These 
mononuclear eosinophilic cells are plainly not larger than the poly- 
morphonuclear elements and are of the same type Their nucleus is 
small, opaque, more deeply stained than m the polymorphonuclear cells 
immediately surrounding them, and its chromatin is very homogenous 
and pyknotic The protoplasm surrounding this deeply stained nucleus 
IS completely filled with acidophilic granules and no cells were observed 
where a transformation of granulopoiesis was suggested by a slightly 
basophilic stained protoplasm containing only a few eosinophilic gran- 
ules We could find no cells, however carefully we searched our prepara- 
tions, which suggested a mixture of basophilic granulations with the 
eosinophilic as is found frequently in young alpha myelocytes There 
was nothing to suggest transitional or intermediate stages between the 
many “lymphocytes” (“myeloic lyraphoidocytes”) and acidophilic cells 
Nor were we successful in demonstrating any eosinophilic cells which 
showed evidence of mitotic division There were no immature 
embrvomc cell forms such as erythroblasts, promyelocytes or meta 
myelocytes or megakaryocytes One would expect to find some of these 
cells if true my^eloic metaplasia was taking place 

On the basis of these studies we reach the conclusion that these 
mononuclear eosinophil cells are not alpha myelocytes but degenerative 
forms of polymorphonuclear eosinophil cells whose nuclear substance 
has undergone a regressive metamorphosis This conclusion became 
most suggestive when we studied the thymus in Case 6 Here we were 
able to find many large mononuclear eosinophilic cells with a loose 
structured, more pale nucleus, encircled by^ a wide protoplasm containing 
abundant eosinophilic granulations of vary’’ing size, i e , true eosino- 
philic my^elocytes The presence of such cells in the thymus, of a 
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2-year-old child is a normal occurrences^ Autochthonous tissue 
eosinophiha in the thymus can be accepted as proved, for this organ 
contains active myeloid tissue and is, therefore, capable of metaplastic 
activation Mitotic cell divisions, erythroblasts, eosinoplnlic as well as 
neutrophilic myelocytes have repeatedly been described in this organ 

Whether the mononucleai eosinophilic cells m the bronchial mucosa, 
as Schwarz and also Marchand believe, are derived from the binuclear 
polymorphonuclear cells through amitotic direct cell division is impos- 
sible to decide 

Our studies, therefore, contain little evidence which would prompt 
us to abandon the view that the local tissue eosinophiha m the bronchial 
structure is due to emigration of alpha granulocytes from the blood in 
favor of the theory of their autochthonous ontogenesis from the peri- 
vascular tissue and transformation of the histogenous lymphocytes 
The chemotactic toxin, fixed (or formed?) by the tissue of the bronchi, 
exerts simultaneously a stimulus upon the bone marrow in the direction 
of increased new formation of eosinophilic cells which through the 
way of the blood reach the bronchial tissue The question of the nature 
of this eosinoplastic and eosmotactic toxin is closely allied with the 
physiologic and pathologic significance of the eosinophilic cells m 
general Ehrlich suggested nearly twenty-fve years ago that eosino- 
phils seem to appear especially m such places m the organism at which 
many cells are destroyed, especially cells of epithelial type (e g , m 
carcinomatous tissue) There can be little doubt that certain relations 
exist between proteolytic digestive processes in the tissues and organs 
and the accumulation of alpha cells Eosinophiha appears to be a 
response, a reaction to a stimulus produced by certain substances derived 
from the catabolism of proteins It has been shown that tlie eosinophils 
increase markedly m the tissues of the intestinal tract during the process 
of digestion, but disappear completely m animals that have been 
starved 

Neusser held that eosinophiha is produced in response to the 
increased activity of glands supplied by the sympathetic nervous system 
Eppmger and Falta,^^ and their co-workers, on the other hand, see in 


29 Schaffer, J Ueber das Vorkommen von eosinophilen Zellen in der 
menschhchen Thymus, Zentralbl f med Wissensch , 1891, 401-417 Dudgeon, 
L S A Contribuion to the Pathology of the Thymus Gland, J Pathol & 
Bacteriol 10 173, 1905 Fortescue-Brickdale, T M Observations on the 
Thymus Gland in Children, Lancet 2 1029, 1905 

30 Schwarz, E Die Lehre von der allgemeinen und ortlichen Eosmophilie 

Lubarsch und Ostertag Ergebn d allg Path 17 1913 

1898^ ^113^'^’ Anaemie, NothnageTs spec Pathol, Ed 1, 

32 Opie Loc cit 

33 B^telh Fate and Schwerger Ztschr f klin Med 71 1907 Eppmo-er 

H , and Hess, L Die Vagotonie, Berlin, 1910, p 60 “ ’ 
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eosinophilia a symptom of increased vagus tonus They attempted to 
show that substances like pilocarpin, pituitary extract and nitrites, 
which increase the tonus of the autonomous nerves, produce an experi- 
mental eosinophilia Their work, however, could not be corroborated 
by Schwenker and Schlecht 

The whole problem of blood and tissue eosinophilia, m general, but 
especially in relation to bronchial asthma, reached an entirely new phase 
since it has been considered from the point of view of anaphylaxis 

There are some scattered observations in immunologic literature 
which suggest that blood and serum injections into animals are often 
followed by a considerable increase in the number of eosinophils in the 
blood But the true connection between eosinophilia and the anaphy- 
lactic process was first clearly recognized by Schlecht He had observed 
previously that serum injections were sometimes associated with a 
marked increase in eosinophilic cells in the blood and he ascribed this 
phenomenon to the introduction of the foreign protein Later he and 
his collaborators,^’ found that eosinophilia developed regularly on 
reinjection of sensitized animals He examined many proteins and 
their derivatives in this regard and found egg albumin, serum albumin 
and globulin, and especially, fibrin, efficacious m producing eosino- 
phiha Peptone acted less promptly and amino-acids (leucin, alanin, 
phen} lalanm, glycm and asparagin) were without action Schlecht 
and Schwenker discovered also the eosinophilic infiltration of the 
bronchi in the lungs of anaphylactic guinea-pigs and in the perivascular 
tissue in the edema of the Arthus phenomenon On the basis of this 
woik, eosinophilia is to be considered as a protective reaction of the 
organism against certain definite decomposition products of heterogen- 
ous and even homologous proteins We are in complete agreement with 

34 Schwenker G and Schlecht, H Ueber den Einflnss sj'mpathico- und 
autonomotroper Substanzen auf die eosmophilen Zellen, Ztschr f khn Med 
76 77, 1912 Bertelli, Falta and Schwerger Ueber die Wechselwirkung der 
Driisen mit mnerer Sekretion S Mittheilung uber Chemotaxis, 1910, p 23 

35 Stschastnvi Histogenese der eosinophilea Granulationen, Beitr z 
path Anat u z allg Path 38 456, 1905 Schwarz, E Loc cit,“ p 431 

56 Schlecht, H Ueber experimentelle Eosinophile u basophile Leuko- 
cytose 27 Congi f inn Med , 1910 Ueber die Einwirkung von Serumin- 
jectionen auf die Eosmophilen, etc, Deutsch Arch f klin Med 2 308, 1910 
Ueber experimentelle Eosinophile nach parenteraler Zufuhr artfremden 
Eiweisses und uber die Beziehungen der Eosinophilie zur Anaphylaxie, Arch 
f exper Path 67 137, 1912 Ueber lokale Eosinophilie beim anaphylactischen 
Versuche, Verhandl Congr f inn Med, 1912, p 416 Ueber allgemeine und 
locale Eosinophilie bei Ueberempfindlichkeit gegen organische Arsenpraeparate, 
Alunchen ined Wchnschr 60 800, 1913 

37 Schlecht, H , and Schwenker, G Ueber lokale Eosinophilie in der 
Lunge anaplulactischer Meerschweinchen, Arch f exper Path 68 163, 1912 
Ueber die Beziehungen der Eosinophilie zur Anaphylaxie, Deutsch Arch f 
khn kled 108 405, 1912 
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this point of view cincl believe that most clinical eosinophilias have to 
be considered as the leaction of a peison in the state of allergy 

Probably the clearest example of protein sensitization in the human 
IS pollen disease Morphologic studies of the blood of many patients 
lead us to the conclusion that blood eosinophilia is a constant symptom 
during the attack In the months of the yeai in which the patient 
IS free from hay- fever his eosinophilic cells in the blood are, as a rule, 
not inci eased If the eosinophilia perists outside of the six or eight 
weeks of the hay-fevei season and a few weeks following it, the patient 
IS usually the subject of multiple sensitization, i e , lie is sensitized to 
other proteins, e g, horse dandei, oi he is subject to eczema or 
urticaiia, i e , he is sensitized to certain food proteins In the autumnal 
type of pollen disease due to the pollen of ragweed, sunflower and other 
compositae, the eosinojihiha begins almost immediately on the day when 
the catarrhal symptoms begin and increases usually progressively until 
the third week The asthmatic symptoms, however, usually do not 
become evident until from twelve to twenty days after the yearly 
resensitization with pollen has begun 

These clinical data are mentioned here in this connection because 
they show how the human oiganism acts in regard to the emigration 
of eosinophilic cells fiom the bone mairow into the blood on yearly 
parenteral introduction of a foreign piotein The eosinophilia of pollen 
asthma is a reaction of the organism sensitized to pollen protein For 
most othei types of asthma there exists no difficulty in accepting this 
point of view, they aie cases of special protein sensitization either to 
food, animal or plant proteins Less evident is the meaning of eosino- 
phiha in the bacterial type of asthma, the eosinojihihc bronchitis Flere 
the eosinophilic reaction in its relation to protein katabolism and allergy 
IS not at once entirely evident It is certain that bacterial piotem 
possesses antigenic and anaphylactogenic propeities and it would be 
a simple explanation to assume that the infective organism had sensitized 
the subject in the same manner as the pollen piotein This is a possi- 
bility But It should be remembered that at least all acute bacterial 
infections, with the one exception of scarlet fever, aie invariably asso- 
ciated with hypo-eosinophiha which, in the convalescence, is followed 
by hypei eosinophilia Aside from the eosinophilia, the evidence for 
the assumption that micro-organisms pioduce asthma through sen- 
sitization with their own body substance — the evidence foi the existence 
of a tiue alleigic asthma of bacterial origin — is very meagre Skin 
sensitization tests with bacterial antigens made according to Woode- 
house from stock cultures, as well as autogenous cultures, giown from 


The Specific Treatment of Hay-Fever (Pollen Dis- 
ease), Billmgs-Forschheimer Therapeusis of internal Diseases 5 671-706, 1914 
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the bronchial expectoration and including anaerobic as well as aerobic 
organisms, have proved of very little diagnostic value in our hands 
After using them in many hundred instances we have scarcely three or 
four reactions which we could call positive Shall we conclude from 
this failure of obtaining skin reactions to bacterial antigens that all cases 
of bacterial asthma are in reality cases of true allergic asthma due to 
sensitization with an undiscovered protein, which we might discover 
if we would increase the scope of our tests ^ It is undoubtedly certain 
that the group of allergic asthmas will steadily increase with improved 
methods for the preparation of antigens, with increasing their numbers 
used m the tests and thus detecting new etiologic factors Yet on the 
basis of our clinical observations and studies we are led to believe that 
there remains still a definite group of cases of asthma, between 25 and 
30 per cent of all cases, which are of true bacterial origin Blood 
eosmophiha in this group of cases is of exceedingly varying degree, 
it is sometimes very marked, sometimes slight and may even be absent 
completely 

The production of an eosmophiha through stimulation of the leuko- 
poetic organs is not restricted to intact proteins of antigenic properties 
Lower decomposition products of proteins, as albumoses and peptones, 
too, have the faculty of producing eosmophiha as well as bronchiolar 
spasm and arterial hypotonus with capillary stasis, the three cardinal 
symptoms which constitute the syndrome “asthma ” 

Bacterial asthma may thus be considered as being due to the products 
which micro-organisms form by their action on the proteins of the 
body’s own tissues or on the proteins of the food m the intestinal tract 
It IS a peptone intoxication or amine intoxication (ammosis) 

Other peptones and amines, while possessing bronchospastic activity, 
do not exert any eosinotactic stimulus upon the blood forming organs 
The study of the formation of these toxic products (amines) by micro- 
organisms has been the subject of our investigations for many years 
Our evidence for the relation of amines to asthma is, while not con- 
clusive, ver}' suggestive, and will form the subject of a special report 
Here, we wish merely to point out that the production of amines of 
bronchospastic and hypotonic action, of which histamin is the chief 
representative, is mainly dependent on a particular type of otherwise 
common species of micro-organisms Thus, of twenty-nine strains of 
B coll studied, six were able to form histamin on a synthetic medium 
and no other chemical reaction, as fermentation of sugars, etc , could be 

39 A. detailed account of the clinical phases of our work will be published 
in the near future 

40 Cooke, R A New Biologic Factors in Bronchial Asthma J Immunol 
7 147 1922 
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found which would set this gioup of colon bacilli aside, except their 
faculty of decarboxylaling amino-acids with the formation of amines 

Fiom oLii viewpoint, then, eosinophiha, if piesent, is a very impor- 
tant symptom of bronchial asthma It is evidence of (1) the alleigic 
type of asthma due to sensitization with pioteins of antigenic chaiacter, 
01 (2) of an intoxication with higher peptones If constantly absent 
It forms, togethei with othei clinical symptoms, strong evidence that 
the asthma is due to an intoxication with lower peptones or with amines 
01 that the bionchospasm is pioduced by extraneous factois, piessure 
on the vagus by tumois or aneuiysm (symptomatic asthma) 

ABSORPTION ATELECTASIS IN BRONCHIAL ASTHMA 

If the passage of gases (an ) thiough a bronchiole or small bronchus 
IS inteuupted for some time, either through bionchiolar spasm oi 
through obturation with secieted mucus, the an contained in the alveoli 
connected with that occluded tube is giadually absorbed by the blood 
of the pulmonary capillaries and an aiea of atelectasis is foimed In 
two of oui cases, the infant with food asthma (Case 6) and the adult 
male (Case 4), who succumbed to an injection of hoise-seunn, definite 
aieas of this charactei were shown In the infant theie aie two distinct 
gioups of areas scattered rather diffusely and which may be inteipieted 
as lepresenting two stages in the pioduction of areas of absoiption 
atelectasis In one group of areas, appaiently the newei stage, there is 
an obliteration of the alveoli by an exudate containing only a few cells, 
chiefly polymorphonuclear neutiophils In these aieas the bionchioles 
are completely occluded by a mucous exudate In the other gioup of 
areas, apparently the latei stage, there is such a complete obliteration of 
alveoli, that all vestiges of lung stiuctuie, except contracted bronchioles, 
are absent Both of these aieas aie shaiply defined and aie separated 
from normal appearing alveoli only by the normal amount of fibious 
tissue which separates the units of lung tissue m the child We can 
think of these areas as lepiesentmg two distinct end-results of different 
asthmatic attacks In one, the newei , the occlusion of a small bronchus 
cut off temporal ily that portion of the lung which connects with it and 
the exudation lesulted, m the other, the older stage, the occlusion of a 
bionchus or bionchiole, occuired m a previous attack and lasted long 
enough so that complete organization of the lung connected with it 
resulted In the adult (Case 4) we find also aieas of lung tissue irt 
which there is complete oblileiation of all alveoli In these aieas, 
which aie less shaiply defined than m the infanCs lung, theie is a larger 
amount of fibious tissue which suriounds, zonelike, all blood vessels 
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and small contracted bronchioles These areas we interpret as represent- 
ing old lesions following previous asthmatic attacks No other lungs, 
whether normal, asthmatic or nonasthmatic, showed such areas The 
presence of absorption atelectasis has heretofore not been observed in 
bronchial asthma Pathogenetically it is, like the acute emph}-sema, 
the result of the bronchiolar obstruction and represents the ultimate 
stage of the emphysema in an area of lung tissue in which the nor- 
mal gaseous exchange through the bronchi has become completely 
interrupted 

Some authors ha\e attempted to set apart certain forms of 
paroxysmal dyspnea m children as a new morbid entity, which they 
call “bronchotetany ” This, according to its originator (Lederer), is 
a symptom complex fundamentally distinct from bronchial asthma, 
though also due to bronchiolar spasm The distinction is based first on 
the clinical observation that bronchotetany is found usually only in 
children who show some definite symptoms of spasmophilia, such as 
larjngeal spasm, carpopedal spasms or eclampsia, and second, on the 
evidence of the pathologic anatomy that all fatal cases of bronchotetany 
are associated with the formation of areas of atelectasis For after 
studying the published reports of twelve postmortem examinations of 
bronchial asthma, all of which we have cited in our historical review, 
this investigator reaches the conclusion that “intense bronchospasm 
leads m asthma only to emphysema, never to the formation of atelec- 
tasis , in bronchotetany always to atelectasis ” From the clinical descrip- 
tion It IS not clear to us how the cases cited as bronchotetany differ from 
true (allergic^) asthma in children The presence of definite areas of 
absorption atelectasis in our two cases of bronchial asthma, shows that 
also the specific pathologic criteria evoked for the existence of this 
new entity, bi onchotetany, do not hold true 

SUMMARY 

The pathologic histologic examination of the finer structure of the 
bronchi and their branches in our six cases of bronchial asthma suggests 
a certain parallelism between the clinical picture and the structural 
changes Of those cases developing seemingly on a bacterial basis, one 
was during life a well defined exudative type (Case 1), characterized 
b} an abundant secretion (bronchorrhea) which was one of the-chief 
clinical S) mptoms associated with the paroxysmal attacks The anatomic 
parallel of this picture is furnished by the striking hypertrophy of the 
mucous gland system of the bronchi 

42 Lederer, R Ueber Bronchotetanie, Ztschr f Kinderh 7 1, 1913, and 
ibid 23 79, 1919 Chronische Bronchitis, Bronchial Asthma und Bronchotetanie, 
Ergebn d inn Med n Kinderh 19 564, 1921 Rietschel, H Bronchotetanie, 
Bronchialasthma und Asthmatische Bronchitis, Monatschr f Kinderh 12 261, 
1913 
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One other case of bacterial asthma (Case 2) was characterized 
clinically by a more or less unproductive cough which led to the attacks 
of bronchospasm The chief pathologic changes seen in this case are 
the hypertrophy of the smooth muscle system and the atiophy of the 
mucous glands 

The two cases of food asthma (Cases 3 and 6) are chaiacterized 
pathologically by h}peitiophy of both glandulai and muscular systems, 
both of which undoubtedly played a role in the production of the 
stenosis 

One case of true alleigic asthma (Case 4) in a person hypei sensitive 
to horse serum, calls to mind the picture seen in the lungs of the 
guinea-pig m the classical anaph 3 dactic experiment, i e , the acute 
emphysema and the marked contraction of the bronchi and bronchioli 
by the well developed muscle layer The ii regular thickening of the 
walls of the bionchial arteiies lecalls the nodal aiiangement of these 
aiteries desciibed by Schultz as occuiimg in the guinea-pig 

The outstanding finding m oui study is the evidence that the actual 
thickness of the walls of bronchi and of bronchioli of more than 0 2 mm 
outside diameter is increased, as compaied with similar stiuctures in 
nonasthmatic persons This diffeience is due to increased thickness of 
all la 3 ^eis from the epithelium to the outer fibiocartilaginous layei 
Hyperemia and cellular infiltration of the wall and increased activity of 
the glands lead to swelling and thickening and this can pioduce, 
mechanically as well as chemically, iriitation of the peiipheial nerve 
endings in the tube, which may indirectly cause bronchospasm The 
abundant secietion of the epithelium and the hypei active glands obstiuct, 
in some instances completely, the already nan owed lumen of the 
middle-sized and small bronchi and the bionchioli In this way both 
systems, the exudative and the bronchomuscular, act simultaneously in 
the pioduction of the stenosis, in some cases one more than the other 
but always both to some extent Even in the puiely allergic asthma of 
the infant 16 months old, which at that age already showed definite 
thickening of the bronchial wall as compaied with an infant of the 
same age, the exudation into the bronchi and bronchioli with complete 
obstruction of some is proof of this combined involvement These 
observations make it plain that in man, at least, the allergic reaction 
of the tissues is not confined alone to the smooth muscle fiber S 3 '’stem, 
but involves also the whole oigan system rvhich serves exudative 
processes, endothelium, epithelium, capillaries and glands 

The increased thickness of the wall, the hyperactivity of the gland- 
ulai system, the bronchoconstnction, as well as the emphysema, are not 
present to the same degree in all parts of the lungs but often involve 
one lobe or part of a lobe to a greater degree than others 
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The anatomic substrate of the bronchospasm is mainly furnished 
by the hypertrophy of the smooth muscle fiber system The evidence 
of a narrowed lumen and the folding of the epithelium while present 
has to be interpreted with great care 

The chief cellular symptom of the allergic reaction in man is the 
eosinophiha In only one disease, bronchial asthma, does a blood, 
sputum and tissue eosinophiha occur simultaneously The eosinophilic 
infiltration of the bronchial wall in asthma is a characteristic histologic 
criterion of bronchial asthma, but if absent it does not exclude asthma 
Since eosinophiha is regarded as one of the chief clinical and pathologic 
s}'mptoms of allergy, its constant absence in certain forms of bacterial 
asthma is regarded as one important part of evidence that there are 
types of asthma which may not be of allergic origin This form may 
be regarded as due to an intoxication with peptones or amines, broncho- 
spastic poisons, which are formed by the action of micro-organisms 
on tissues 

This work would not have been possible without the kind interest 
and aid of several colleagues To all of them we wish to express our grateful 
appreciation Especial thanks are due to Drs H G Wells, T H Boughton, 
B O Raulston, W White, F H Stangl, W G Hibbs and C J Eldndge for 
assistance in obtaining some of the normal and pathological material used 
in this study and also to Mr K Toda for his excellent colored drawings 



THE INTESTINAL DIGESTION OF CONNECTIVE 

TISSUE 

J BUCKSTEIN, M D 

NEW YORK 

Adolph Schmidt ^ has persistently claimed that connective tissue is 
digested only, if at all, in the stomach, and never in the small intestine 
This view has been accepted by such investigators as Sahh ^ and 
Strasburger abroad, and m this country among others by Dr Charles 
D Aaron ^ 

As a corollary to this statement, it follows, as emphasized by 
Schmidt, that the finding of large amounts of undigested connective 
tissue m the stool, particularly after the administration of his test 
diet, IS an indication of a disturbed gastrogenic function, since there 
IS no participation of the small intestine in the digestion of connective 
tissue 

Assuming the claim to be correct, this phenomenon has both a 
theoretical and practical significance Theoretically, this is important 
in indicating that from the standpoint of the digestion of one substance 
at least, the stomach was absolutely essential, and no vicarious func- 
tioning on the part of the small intestine was possible From a 
practical standpoint, the claim was of value, in that through a careful 
examination of the stool, a gastrogenic disturbance could be predicated, 
from the finding of large amounts of undigested connective tissue 

I attempted to determine the truth of the matter from a study of 
the digestion of connective tissue when introduced directly within the 
small intestine of the human being 

Observations on the behavior of intestinal fluid, from a digestive 
standpoint, when present in a test tube, aie open to the following 
objections 

Fit st — Once the intestinal fluid is placed in a test tube, the environ- 
ment IS definitely altered In this way, the behavior of the fluid where 
any substance is introduced within it, may not necessarily indicate the 
manner in which the fluid behaves when present in its normal environ- 
ment within the small intestine 

1 Schmidt, A The Test Diet in Intestinal Diseases, Philadelphia, F A 
Davis & Co Translated by Dr Charles D Aaron, 1909 

2 Sahli, H Diagnostic Methods of Examination, English translation, 
edited by N B Potter, Philadelphia, W B Saunders Company, 1911, p 433 

3 Strassburgcr, J Examination of the Feces, Diseases of the Digestive 
System, edited by Frank Billings, New York, D Appleton & Co, 1906, p 60S 

4 Aaron, C D Diseases of the Digestive Organs, Philadelphia,’ Lea & 
Febiger, 1921 
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Secondly — The specimen within the test tube represents the char- 
acter of the intestinal fluid at the time it was withdrawn, but does 
not necessarily indicate the nature of the intestinal fluid at some other 
time This is supported by the fact that fluid removed by the frac- 
tional method from the small intestine through the intestinal tube 
shows definite variations in the strength of the pancreatic ferments 
in the separate specimens Thus, the digestive efficacy of any specimen 
of fluid within a test tube is not an absolute criterion as to the power 
of the fluid within the small intestine, where there is a constant 
variation m its enzymotic content 



Fig 1 —Roentgenogram of tube shortly after entering the small intestine 
The arrow points to the metal tip which has been sewed on to the end of the 
rubber tube with kangaroo tendon 

Tlwd — A process of stagnation occurs under such conditions which 
is absent in the small intestine, where there is a constant flow of freshly 
secreted fluid 

For these reasons, conclusions based on the behavior of intestinal 
fluid within a test tube must be made with caution, since the conditions 
are not entirely similar to those Avithin the small intestine itself 

It IS possible to study the digestive effect of intestinal fluid on 
connective tissue introduced directl> within the small intestine This 
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can be done in the mannei I described in a pi evious communication 
A special intestinal tube is used to the end of which the metal bulb 
might be sewed on with either silk oi chiomicized catgut By sewing 
the bulb on with silk, it became permanently attached By employing 
chromicized catgut as a suture material, the bulb aftei leaching the 
intestine became detached thiough the digestion of the catgut I 
employed this principle, substituting medium kangaioo tendon in the 



Fig 2 —Roentgenogram of tube taken twenty-four hours later The arrow 
points to the metal tip which has become detached from the end of the rubber 
tube, indicating that the kangaroo tendon has become digested 

place of catgut as a material with tvhich to sew the metal tip to the 
end of the rubber tube The tube was then passed into the small 
intestine, as indicated m Figure 1 Roentgenograms were taken at 
varying intervals At the end of twenty-four hours, a roentgenogram 
(Fig 2) indicated that the bulb had become detached The con- 


5 Buckstein, J The Intestinal Tube, J A M A 74 664 (March 6) 1920 
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elusion appeared justified that the release of the bulb from the end 
of the tube had occurred as a result of the digestion within the small 
intestine of the connective tissue suture m the form of kankaroo 
tendon 

There was, however, one definite objection to this procedure 
Gastric analysis in this case indicated that the acid values were within 
normal limits, and that pepsin and rennin were present It uas, 
therefore, impossible to determine how much of the digestion had 



Fig 3 -—Roentgenogram of tube after reaching the small intestine in a 
patient with acliyha gastnea The arrow points to the metal tip which has been 
sewed on with kangaroo tendon 

actually occurred while the tube was still present within the stomach 
and before the end had reached the small intestine It was conceivable 
that the digestion had actually occurred within the stomach, that the 
metal tip cohered to the end of the rubber tube, and was detached by 
some sudden exertion on the part of the patient, or as the result of 
forcing the tip free, in injecting the rubber tube with barium by means 
of a syringe m taking a roentgenogram of the tube 



BUCKSTEIN— CONNECTIVE TISSUE DIGESTION 765 

This preliminary gastric digestion was to be considered, particu- 
larly since a small strip of the tendon, when placed in the gastric 
secretion of this patient, became completely digested within twenty 
hours 

Therefore, I endeavored to ascertain the digestibility of the tendon 
within the small intestine of a patient with achylia gastrica The 
absence of acid secretion and of enzymes in the gastric contents was 
determined by the fractional method of examination, and verified on 
three different occasions Moreover, m this case, the rubber tube 
with the tip sewed on with kangaroo tendon, was permitted to remain 



Fig 4 — Roentgenogram of tube taken forty-eight hours later The arrow 
points to the metal tip which has become detached from the end of the rubber 
tube This indicates that the kangaroo tendon has become digested although 
an achylia gastrica was present 

in the gastric contents for thirty days, with no liberation of the bulb 
and no digestion of the suture material Nevertheless, although the 
effect of gastric digestion on the tendon could be excluded while the 
lube was passing from the stomach into the small intestine, roentgeno- 
grams indicated the release of the bulb from the end of the tube 
within forty-eight hours after the intestine had been reached (Figs 
3 and 4 ) On removing the tube, no evidence of the tendon could be 
found It IS an interesting fact that fluid removed from the small 
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intestine of this patient showed the presence of all three pancreatic 
ferments, although the fluid was lemoved in the fasting state, in the 
absence of free hydrochloric acid, and with the exclusion, as nearly 
as possible, of any psychic stimulation 

In 1890, Von Noorden® claimed that even when gastiic secretion 
was no longer present, the digestion of food could, nevertheless, pro- 
ceed in a normal manner From the evidence presented above, it is 
evident that connective tissue digestion forms no exception to this 
statement, and that the small intestine may be completely vicarious 
in Its digestive function 

CONCLUSION 

1 A method is presented for the study of the digestion of con- 
nective tissue, when introduced directly within the lumen of the small 
intestine of the human being 

2 Connective tissue digestion may occur within the small intestine, 
and IS not dependent entirely on gastrogemc function 

3 The absence or presence of connective tissue in the stool, throws 
no light on the nature of the gastrogemc function, since the small 
intestine is definitely involved in its digestion 

6 Von Noorden, C Ueber die Ansnutzung der Nahrung bei Magenkranken, 
Ztschr f klin Med 17 137 1890 



PSYCHOLOGIC TESTS APPLIED TO DIABETIC 

PATIENTS >- 

W R MILES, PhD, and H F ROOT, MD 

BOSTON 

Diabetes is well known to exei t an impoi tant influence on the centi al 
nervous system Kiaus ^ recently sunimaiized the more common 
neurologic lesions, and the psychoses occasionally associated with 
diabetes have been the subject of numerous studies 

The diabetic patient, on his own part, complains of loss of memory 
and of pool ability to concentiate the attention So far as we are aware, 
there are no objective data which eithei substantiate or contradict this 
clinical picture in reference to attention and memory We have under- 
taken to gam some light as to the extent of the impairment if such 
exists, comparing diabetic patients as a group with controls who are of 
about the same mental status 

METHOD 

At the New England Deaconess Hospital in Boston, Di E P Joslin 
has for some yeais conducted twice a week a patients’ class in diabetic 
hygiene We took advantage of meetings of this class which commonly 
contained all of the ambulant diabetic patients then in the hospital 
togethei with a few who had returned for obseivation, and conducted 
group tests over a period of two and one-half months Usually from 
eight to fifteen persons were present Data were collected on foity 
diffeient diabetic patients Some weie tested several times, others only 
once, the group consisted of seventeen men and twenty-thiee women, 
ranging in age from 15 to 55 yeais, with an aveiage of 46 At the time 
patients weie fiist tested they were without exception free fiom acidosis 
but usually not sugai fiee None were tested on a fasting day or on a 
day just succeeding a fast Most of them weie in the hospital for the 
fiist time and their initial tests were usually within a week of admission 
The control gioup consisted of two doctois, nuises and mostly of 
lelatives and fiiends of patients It is, of course, difficult to secuie a 
contiol gioup which can be pi oven compaiable to the diabetic group in 
eveiything except the diabetes We took foi controls adults who visited 
the class and weie not patients Several of the patients in the diabetic 
group were people of superior intelligence and of good education who 
probably in regulai mental tests would have lanked above many of 

^From the Nutrition Laboratory of the Carnegie Institution of Washing- 
ton, and the New England Deaconess Hospital, both in Boston 
1 Kiaus M Clinics N America, July, 1920, p 225 
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those m the control group The possibility of making a mental test of 
each diabetic was considered, but it seemed unwise to add anything 
more to their burden 

The four simple group tests which we used required about twenty- 
five minutes They were conducted in a large, light room, comparatively 
free from distraction and following breakfast when the patients were 
usually at their best The tests were as follows 

1 Cancellation of Digits — ^This is one of the Woodworth and 
Wells ^ tests in which one thousand digits, each appearing an equal 
number of times, are printed in twenty lines of fifty digits each The 
subjects methodically crossed out a certain digit every time it appeared, 
completing as much of the blank as possible within a time limit of 
two minutes 

2 Memoiy Span for Digits ^ — A series of numbers were pronounced 
slowly and regularly, and at the end subjects tried to write them down 
in proper order Trials were given, starting with five place numbers 
and gradually working up to nine place numbers The same amount of 
material was given at each test and subjects were marked on the per 
cent of the total material correctly reproduced 

3 Memory Span for Fow -Letter Woids^ — A list of twenty-five 
one syllable English words, each word composed of four letters, was 
read at the rate of one word per second When the list had been 
completely pronounced to the patients, they then wrote down all of the 
words that could be recalled without regard to order 

4 Addition of One-Place Numbers^ — These addition blanks were 
very legible, being printed in 12 point type, well spaced, arranged in 
blocks of 100, 1 e , ten digits m a column and ten columns wide The 
patients added as many columns as possible in five minutes 

The tests on the different days were, so far as we know, of equiva- 
lent difficult)^ and were always conducted in the same manner Due to 
the readiness with which diabetics are fatigued, it was not possible to 
make tests as long or as intensive as otherwise would have been 
desirable So far as possible, we tried to make the testing period 
pleasurable rather than boresome, and if patients showed disinclination 
to do them, they were freel)”^ excused without argument on our part 
A careful but unobtrusive watch was kept as to the accuracy with which 
instructions were followed and doubtful records were thrown out 

2 Woodworth and Wells Psjchol Mon 13 24, 1911 

3 Whipple Manual of Mental and Physical Tests, Baltimore, 1915, Pt 2, 
p 155 

4 Benedict, Miles, Roth and Smith Human Vitality and Efficiency Under 
Prolonged Restricted Diet Carnegie Inst Wash Pub 280 1919, o 142 

5 Ibid p 143 > ’ t- 
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In the first place, we will compare the ability of diabetics beginning 
treatment with other individuals equally unfamiliar with the tests 

Cancellation of Digits — Per cent of task performed 

39 diabetics Range, 19-75, average, 48, variation, 23%, errors, 3 5% 

15 controls Range, 37-100, average, 61, variation, 21%, errors, 31% 

The diabetics were able to accomplish an average of 48 per cent of 
the task while the controls covered 61 per cent m the same time 
Substantially the same result is shown in the ranges covered by the 
subjects of the two groups The per cent variation (coefficient of 
variability) among the diabetics is only a trifle higher than among the 
controls, and the same applies to the per cent of errors which is small 
m both The difference lies, therefore, in the amount accomplished 
rather than in the degree of accuracy, the diabetic patients showing an 
inferiority of about 21 per cent if we reckon the controls as 100 

Objection may be raised that visual defects so common in diabetes 
account for this difference In that case, we should expect a higher 
percentage of error among the diabetics whereas the percentages are 
almost the same Furthermore, the patients were specifically questioned 
with regard to this point, and two patients were excluded who were at 
the time experiencing the well known temporary blurring of vision 
Ophthalmoscopic examination in several showed no retinal lesions It 
seems from this that the diabetic is retarded, but whether this is in 
discrimination or m speed of movement or both cannot be determined 
from this test 

As the test of memory span for digits was necessarily brief, it was 
not possible to give enough trials with six place, seven place, etc 
numbers to certainly establish the number of digits which could be 
recalled correctly 

Menioiy Span foi Digits — Pei cent of material recalled 

39 diabetics Range, 30-81 , average, 56 , variation, 20% 

14 controls Range, 40-100, average, 66, variation, 21% 

If all of the material given in this test be considered, then the diabetics, 
on an average, recalled 56 and the controls 66 per cent of it This 
difference is reflected in the ranges covered by the individuals com- 
posing the two groups The per cent of variation within both groups 
IS nearly the same The diabetics showed a decrement in this memory 
span test of 15 per cent As an approximation we might say that if 
the average control is able to remember for immediate recall a seven- 
place number, the diabetic can barely remember one of six places, and, 
as compared with normals, they aie much more likely to find difficulty 
with even a four-place telephone number 
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In the memory span for words, the diabetics showed a larger varia- 
tion among themselves from their average number of words correctly 
recalled than did the other groups One diabetic could not correctly 
recall any word (two words were put down but they were both errors, 
1 e , not pronounced in the list) and another patient, a school teacher, 
had eleven words correct and one error word 
Memory Span fo) Foui-Lettei Words — 

39 diabetics Range, 0-11, av correct. 49, variation, 31%, av errors, 17 

18 controls Range, 3-10, av correct, 62, variation, 24%. av errors, 19 

24 students “ Range, 3-13 , av correct, 7 0 , variation, 24% , av errors, 1 4 

On the average, the diabetic patients show 49 correct words as 

compared with 6 2 for the controls and 7 0 for a group of male college 
students who were given the same test in another experiment at an 
earlier time It is common in such a test that some words are written 
down which were not in the list pronounced for memory and which 
have not been obviously suggested on the basis of similarity of sound 
Such may be called errors Of the thirty-nine diabetics, thirty-one 
gave such errors which range from 1 to 4 and average 1 7 The controls 
and students show average errors of 1 9 and 1 4 per cent , respectively, 
so there seems no significant difference between the diabetics and the 
other groups as to number of wrong words entered An illustration of 
the difficulty which diabetics experience in remembering instructions 
came out in this test The word “go” was written down by four of the 
diabetics in spite of the instruction “all the words are four-letter words 
When I have finished pronouncing the list, I will say the word ‘go’ 
which IS a signal for you to start writing ” On the basis of the number 
of words correctly recalled in this test, the diabetics show a decrement 
of 21 per cent below the controls who themselves are 11 per cent poorer 
than the group of college students 

Probably of the group tests given, addition is most likely to have 
been practiced through the regular occupations of certain subjects It 
IS difficult to secure groups of people who are directl)'^ comparable m 
respect to this factor of preliminary practice Any person who without 
recent practice can correctly add thirty columns of ten digits each within 
five minutes may arbitrarily be considered as being professionally prac- 
ticed in addition To simplify comparison we have excluded each such 
case among the diabetics, controls and students compared As stated, 
many of the patients were very intelligent and capable people It is 
significant to find that among thirty-seven diabetics who took the addi- 
tion tests, seven at the first trial correctly added thirty or more columns 
In each case the person is known to be an accountant, a school teacher. 


6 Ibid p 577 
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or store keeper Besides these, there was one accountant and one 
teacher whose scores we have not omitted who each did twenty-eight 
columns correctly It is, perhaps, questionable that these should have 
been allowed to remain m the group Of the eighteen controls, only 
one, a doctor, did as well as thirty columns, and of the twenty-four 
college students who took the test, three did at the rate of thirty or more 
columns m five minutes One of these students was a bank cashier 
On this basis the comparative results are as shown in Table 1 


TABLE 1 — ^Addition of One-Place Numbers 


Subjects 

Columns Correctly Added 

No Incorrect 

30 diabetics 

Range 2-28, average 14 0 

SO 

17 controls 

Range 4-24, average 14 7 

29 

21 students 

Range 6-28, average 16 9 

4 6 


If we consider the average number of columns correctly added, the 
thirty diabetics did only 5 per cent less than the seventeen controls, 
while the latter were 13 per cent poorer than the twenty-one college 
students Since m addition accuracy is of prime importance rather than 
the number of columns attempted, we may deduct the average number 
of columns incorrectly added from the correct for a combined score* 
In this way we find 

Diabetics, 110 Controls, 118 Students, 12 3 

Taking the controls as a basis, the students are 4 per cent better and 
the diabetics 7 per cent poorer 

In this discussion of addition we have eliminated the professionally 
practiced adders for reasons which seem pertinent The diabetics do 
not show a large decrement in their ability to add, and it may fairly be 
questioned if the decrement found is a real fact Two or three very 
poor adders might press the average below that found for normal 
controls As we have eliminated the very expert, we may do likewise 
for the extremely inefficient and thus compare in all cases modal groups 
Any person who m five minutes cannot add correctly more than five 
columns of ten digits each we will arbitrarily exclude This eliminates 
three of the thirty diabetics, two of the seventeen controls, and one 
of the twenty-one students, and provides for number of columns 
correctly added the following scores 

Diabetics, 15 3 Controls, 16 1 Students, 17 5 

Viewed in this way, the diabetics are again 5 per cent poorer than 
the controls who, in turn, are 8 per cent below the students It is a 
treacherous thing to draw conclusions from arbitrarily selected data, 
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but from that available, viewed from different angles, it appears that 
the diabetic patients suffer a small decrease of about 5 per cent in their 
ability to do simple sums in addition " 

REPEATED GROUP TESTS ON DIABETICS 
We have discussed what the diabetic patient at the very beginning 
of treatment can do in his first performance of certain psychological 
tests given under practically ideal group conditions As compared with 
available controls, we have found that his performance level is some- 
what poorer, in amount, 5 to 20 per cent It is quite important to 
discover if his ability to improve with practice is very different than 
normal There were twenty diabetics who took the tests two or more 
times A comparison may be made of their first and second trials to 
note if the latter averages are the higher, and if so, how much in terms 
of per cent of the first trial averages Such a comparison among 
twenty diabetic patients, seven controls and eleven young men college 
students is embodied in Table 2 


TABLE 2 — The Amount of Improvement Between the First and Second 
Trials with Psychologic Tests 




Cancel 

Memory 

Memory 



Subjects 

Trials 

lation 

Words 

Digits 

Addition 

Av erage 

20 diabetics 

First 

48 

47 

55 

20 6 



Second 

56 

57 

68 

21 9 


Per Cent improvement 


17 

21 

23 

6 

17 

7 controls 

First 

66 

69 

58 

19 3 



Second 

71 

06 

63 

22 1 


Per Cent improv ement 


8 

12 

9 

14 

11 

11 students 

First 


7 3 


19 6 



Second 


87 


210 


Per Cent improv ement 



19 


7 

13 

Without Specifically 

discussing the 

average 

scores 

made 

111 the 


different tests by the different groups of subjects we may note the per 
cent of improvement with practice In this, the diabetics show percent- 
ages of gain as follows cancellation, 17, remembered words, 21, 
remembered digits, 23, and columns correctly added, 6 All four tests 
gave an average gam from practice of 17 per cent The seven control 
subjects who took the tests twice show gams of 8, 12, 9 and 14 per cent , 
with an average of 11 per cent The eleven college students who, under 
normal conditions but with a somewhat longer interval between trials, 
took the memory for words test and the addition test a second time, 
demonstrate improvement of 19 and 7 per cent , respectively In the 


7 The question may be raised as to any ehange in the accurac}’^ of addition 
work bv the se\en diabetics wdio were discarded as being expert These 
averaged 37 7 correct and 2 5 columns incorrect The three students wdio were 
discarded averaged 37 8 columns correct and 3 0 incorrect While the one dis- 
carded control showed 33 and 1 columns 


MILES-ROOT— TESTS IN DIABETES 


m 


addition test, the controls gained more than did the diabetics but in the 
three other tests the diabetics are well in the lead with large percentages 
of improvement 

It must be recognized that in the trials which came after the first 
experience with the tests, the subjects were often sugar free and w ere 
receiving more food This doubtless contributed to their comfort and 
efficienc}’- We have no diabetic quotient, i e , no waj^ of numerically 
stating the diabetic condition of a patient or of a group of patients 
Such a quotient would be useful in assessing the value and progress 
made with different types of treatment and for correlation of diabetes 
status with numerous other factors and conditions At present, it is 
impossible to say to what extent the improvement shown is due to 
improved physical condition or to the subsidence of certain symptoms 
Of twelve patients who were tested from three to nine times we found 
that the improvement m the performance of these tests shown at the 
second trial was maintained with a slight tendency to a continued gam 
m efficiency We may at least say that the treated diabetic quickly 
responds m psychologic level and is able to learn rapidly from practice, 
as IS shown m repeated tests It is also clear that under treatment he 
rather quickly approaches the normal, although he seemingly does not 
reach that level This rapid response to adequate treatment is a fact 
which should much encourage both physician and patient 

PSYCHOMOTOR TESTS OF INDIVIDUAL DIABETICS 

A few diabetic patients were given certain neuromuscular tests at 
the Nutrition Laboratory These measurements were made with a view 
to sampling the performance of these subjects as to their quickness of 
action, accuracy and steadiness of muscular control, etc Data may be 
reported for five persons, two women and three men, all of them very 
intelligent and cooperative subjects All were subjects of pronounced 
diabetes and had been under treatment for some time, all were free from 
sugar and acidosis when tested, but their total food intakes were low, 
and, as a class, they were quite emaciated The testing was done m 
the morning shortly following breakfast and required about two hours 
Only one subject came on any day Care was taken to instruct and 
adjust each patient to the tests Rest periods were introduced so that 
fatigue might be slight 

Detailed descripbons of the tests and methods used have been pub- 
lished elsewhere It will be sufficient here to characterize them briefly 

1 Station Standing erect for two minutes with the least possible 
swajing at the vertex, eyes closed, feet in V position « 

w ^ Equilibrium as a Useful Test of Victor Control, J Indust 

o ulo, lyzZy p IcO 
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2 Finger movement Alternate flexion and extension of a finger 
at maximum speed for ten seconds ° 

3 Eye movement Speed m looking successively back and forth 
from one mark to another while the eye is being photographed 

4 Eye reactions Quickness of turning the eye to a new point of 
legard as to a flash sign that unexpectedly illuminates 

5 Pursuit coordination Catching in a narrow cup liquid that is 
expelled from a swinging pendulum 

The results in these five tests are briefly presented in the same order 
as above 

1 A group of twenty-seven normal adults, sixteen men and eleven 
women, of widely varying ages, weights and statures, gave an average 
of 740 mm in the station test This value represents the sum for all 
the swaying movements, fiont, back, left and right, during a period of 
two minutes standing with eyes closed and feet in V position Every 
diabetic tested swayed more than 740 mm while no normal adult did 
as poorly as the average for the five diabetics which was 1160 mm 
Accordingly, they show about 50 per cent increase in swaying 

2 In this modified and graphic foim of the tapping test, thirty 
normal men were able, on the average, to execute 66 5 finger movements 
in ten seconds With the same apparatus and conditions the five 
diabetics average 54 5 movements, i e , they were 18 per cent slowei 
The difference in level between the two groups is also indicated in that 
no diabetic was as fast as the average for the normals, and only one man 
in thirty was as slow as the average for the diabetics 

3 The speed with which the eye can move horizontally back and 
forth between two marks which are located 40 degrees apart on the 
arc of vision has been found a sensitive measure in other studies 
Avei aging together movements from left to right with those from right 
to left we find that the five diabetics show a group average of 0 102 
seconds for an eye movement of 40 degrees In comparison with this, 
twelve normal men at their initial trial of this test show an average 
eye movement time of 0 092 seconds, by which it appears that the 
diabetics are about 11 per cent slower Both groups took the test in 
the morning when they were quite free from any sleepiness 

4 The eye quickly turns in the direction of any part of the visual 
field that suddenly moves or changes , and the every day experiences of 
life cause this act to be rather well practiced In the eye reaction test, 
the subject looked at the center of a dark screen which was pierced 
with many small holes, through any one of which a light could be made 

9 Ibid p 184 

10 Ibid p 159 

11 Iililes A Pursuit Pendulum, Ps}'cbol Rev 27 361. 1920 

12 Ibid p 619 
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appear suddenly The photographic record showed the elapsed time 
from the moment the light was turned on until the subject’s eye began 
to turn toward it Quite a number of trials were invariably made on 
each person tested Twelve normal .men gave an average eye reaction 
time of 0 237 seconds while the five diabetics show 0 254 seconds, which 
IS thus slower by only 7 per cent 

5 It requires rapid and accurate coordination of eye and hand to 
catch liquid expelled in a stream of one-eighth inch diameter from the 
tip of a pendulum which swings through a horizontal distance of 70 cm 
in 1 second, the mouth of the cup being six-eighths of an inch in dia- 
meter But everyone, even small children, can do something at the test 
A single trial in this case consisted in catching the liquid expelled during 
one double swing of the pendulum and the whole test comprised twenty- 
five such trials A group of fifteen men and ten women at their first 
performance caught a total average of 378 c c out of a possible 1250 
c c As against this, our five diabetics averaged 291 c c , which is poorer 
by 23 per cent So far as is known, the diabetics were not at any 
disadvantage m the tests which were made at the Nutrition Laboratory 
In all of the tests, they seemed to do definitely pool er than the so-called 
“normal” subjects who we felt could reasonably be compared with them 
The five diabetics who were tested weie all persons whom we selected 
with the impression that they would do as well, or, perhaps, better than 
the average on account of good intelligence, education and adaptability 
It IS altogether probable that another group of five would show some- 
what different results Knowing the subjects thoroughly, we feel that 
results obtained m our tests are probably characteristic, although on the 
actual amount of change we cannot, of course, be dogmatic 

To what extent the carefully treated, severe diabetic giadually 
changes from year to year is at present only a matter of surmise After 
making the tests just described, we had an opportunity a full year later 
to test one of the five subjects a second time This man, age 38 years, 
height 189 cm, and weight 51 kg, had kept himself constantly sugar 
free throughout the year and had lived on a daily intake of 940 calories 
His diabetes is of about eight years standing He, of course, did but 
little physical work , however, during the day, he is always dressed and 
about, employing half his time as a locksmith Duiing the year he had 
gradually lost about 1 kg in weight but his fasting blood sugar was 0 10 
per cent as compared with 0 23 per cent one year before Otherwise 
he appeared unchanged He spoke of feeling physical weakness, espe- 
cially in the knees at stair climbing, and of being very sensitive to cold 
Comparing the measurements of December, 1920, with those made m 
January, 1922, we find that in only one test (station) did he do as well 
on the latter date In this there seemed to be almost no change In 
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four other tests, he showed some decrease m efficiency, ranging from 
5 to 27 per cent , judged on the performance of his former record The 
testing on the latter date was done very thoroughly and occupied two 
different mornings separated by two days so that we are quite confident 
that the later results do not misrepresent his condition Hence, we must 
conclude that he now shows a loss of about 10 per cent in neuromus- 
cular efficiency as compared with his condition a year ago 

DISCUSSION 

We have found objective justification for the complaints of loss of 
memory and of ability to concentrate attention mentioned frequently 
by persons suffering from diabetes The old and well established mental 
associations, such as are involved in doing simple addition of numbers 
seem but little influenced But new tasks which demand immediate 
retention and recall, with little reference to past experience, are the ones 
which suffer and at which the patient finds himself below his former 
ability There appears to be no marked increase in the errors which 
the diabetic makes in his work as compared with the normal person but 
rather a loss of speed, a decrease in the span, or amount that can be 
grasped at one time That the change is chiefly m the nature of a 
retardation of the neuromuscular processes is indicated by those tests 
which more especially involved the muscles In these we have found 
that the eye requires more time to turn and to react, that the fingers 
cannot make as many taps in a given interval, nor can the hand as 
accurately pursue a moving object To what extent this retardation 
may be due to discouragement or mental depression on the one hand or 
specifically to the diabetes, as such, on the other, it is impossible to state 
If we had available similar observations for groups of patients suffering 
with other diseases it would be possible to more satisfactorily make an 
appraisal of the influence of diabetes as compared with other conditions 
There is clear evidence that with treatment, most of the individuals 
tested showed rapid improvement on the psychological side 

If we say that the diabetic is below normal in his neuromuscular 
efficiency, it may also be pointed out that few persons work to the limit 
of their powers, and that few situations in every day life demand or 
stimulate the laboratory grade of performance While memory span 
and muscle movement speed are of fundamental importance for the 
activities of life, still there is a rather wide margin and undoubtedly 
% ery many diabetic individuals will be able to do as much light physical 
or mental work as is actually done by many normal men and women 
In other words, while the diabetic is not at all fitted for racing in top- 
notch competition, still he is fairly well off for living comfortably and 
usefully 
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It was found in the Nutrition Laboratory research on the effects 
of low diet that men living on one half to two thuds of then normal 
ration were able to do their college work and in some cases make even 
higher grades than before so it is quite possible that many diabetics will 
not expel lence from a reduced diet any maiked change m their ability 
to perform their usual duties 

SUMMARY 

1 Diabetic patients frequently complain of poorei memoiy and 
powei of attention, but objective proof of this has been lacking 

2 By certain psychologic tests applied m such cases as well as to 
suitable controls it was found that diabetic patients with hypei glycemia 
and glycosuria at the beginning of tieatment show a decrement of about 
15 per cent oi more m memory and attention tasks The loss is m 
amount rather than m quality 

3 With treatment the diabetic improves rapidly m his psychologic 
status, approaching but not quite reaching normal 

4 In accuracy and quickness of movements five treated diabetics, 
each case of long duration, were 20 per cent below normal 



EXPERIMENTAL OBSERVATIONS ON THE LOCAL- 
IZATION OF THE PAIN SENSE IN THE 
PARIETAL AND DIAPHRAGMATIC 
PERITONEUM 

JOSEPH A CAPPS, MD, and GEORGE H COLEMAN, MD 

CHICAGO 

Pam IS, perhaps, the most important evidence on which we base 
our interpretation and diagnosis of abdominal disease So whatever 
contribution may be made to the better understanding of abdominal 
pain, its origin, nature, and localization, is of direct interest to the 
clinician 

Our present knowledge of sensation in the abdomen and its viscera 
IS due largely to the careful and ingemus observations during laparo- 
tomies of Lennander’- and Sir James Mackenzie® These obserrers 
are agreed that the hollow viscera and omentum give no sensation 
response to heat or cold, to cutting or clamping 

Lennander found that the parietal peritoneum was sensative to 
irritation, especially when inflammation was present This pam sense 
he explained by the nch supply of cerebrospinal nerves to the parietal 
peritoneum and its subserosa, m contrast to the sympathetic nerve 
supply of the insensitive viscera From these premises he contended 
that all visceral pam was the result of inflammation and traction on 
the parietal peritoneum Ross,® however, has furnished convincing 
proof of a true visceral pam (splanchnic) induced by tension of the 
hollow organs, and m addition to this the somatic pain originating in 
a sensitization of the posterior spinal roots and a radiation of painful 
sensations along the course of the corresponding spinal nerves to the 
skin and deeper tissue layers 

The peritoneal membrane lining the abdominal wall has received 
less attention from experimenters than the viscera, while the peritoneum 
covering the under surface of the diaphragm, because of its inacces- 
sibility has remained almost ‘'terra incognita” to the surgical explorers 
who ha-ve been interested in charting areas of sensation by direct 
experimental methods All animal experiments on pam are open to 
serious criticism of results obtained and, in any event, are far less 
trustworthy than experiments on human beings 

The parietal peritoneum in the immediate vicinity of laparotomy 
incisions made under cocain anesthesia has been tested for pam with 

1 Lennander, K G Mitt a d Grenzgeb d Med u Chir 21 125, 1910 

2 Mackenzie, J Symptoms and Their Interpretation, London, 1909 

3 Ross, J Brain 10 350, 1888 
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somewhat conflicting conclusions For example, Lennander finds pain 
sense in the parietal peritoneum and the neighboring serosa Mackenzie, 
working under similar conditions, believes that the parietal peritoneum 
IS without sensation, but that the pain sense is acute in the subseiosa 
lying just outside the peritoneum This view is also supported by 
Hertzler ^ 




Subsequently, Ramstrom,^ the celebrated anatomist, carried out a 
series of experiments in this region in cooperation with Lennander 
Ramstrom had already demonstrated the presence of the Vater-Pacini 
bodies in the anterior portion of the parietal peritoneum and proposed 

4 Hertzler, A E The Peritoneum 1 24. 1919 

5 Ramstrom Mitt a d Grenzgeb d Med u Cliir 13 314, 1908 
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to test this membrane for “pressure sense,” which was supposed to 
be the specialized function of these nerve structures The method 
of the procedure is illustrated m Figure 1 After the incision was 
made through the abdominal wall under cocain, the neighboring peri- 
toneal covering of the wall was tested for sensation by inserting a 
rubber glove covered finger and by a flat spatula, with varying degrees 
of pressure He also used hot and cold instruments He found that 
light pressure produced no sensation, strong pressure set up a cramp- 
hke pain, cutting the parietal peritoneum caused a stitchlike pain 
There was no response whatever to temperature changes Ramstrom 
concludes that the parietal peritoneum has no pressure sense (“Druck- 
sinn”) and that the Vater-Pacini bodies, therefore, are not specialized 
structures for this sensation Also, the sense of heat and cold is lacking 
Finally, the parietal peritoneum is richly endowed with pain sense 
The chief purpose of our experiments was to determine the locahzation 
of pain from stimulation of the parietal and diaphragmatic peritoneum 



Fig 2 — Schematic drawing to illustrate method of procedure A Air in 
abdominal cavity B Abdominal viscera depressed by the air C Cannula or 
trocar through abdominal wall (E), into abdominal cavity Trocar freely 
movable in all directions D Diaphragm W and W' Wires used in testing 

PERSONAL OBSERVATIONS 

Our experiments were carried out by a method previously employed 
by one of us in the study of sensation in the pleural cavity After 
partially anesthetizing the skin with ethyl chlorid, a trocar is inserted 
through the abdominal wall until the end moves about freely The 
point is withdrawn and through the cannula is passed a long silver 
wire, one end beaded and smooth, the other end relatively sharp 
Each end is slightly curved m order that it may more easily be brought 
in contact with the abdominal wall In our earlier experiments patients 
wnth ascites were chosen because the fluid distended the wall and 
facilitated exploration Recently, however, we have employed the 
method of injecting air, which has proven harmless in the hands of 
the roentgenologists As will be seen in Figure 2 the air forces 
the hollow viscera to the bottom of the cawty, leaving a large domelike 
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area, free for testing Xhe air also fills the subphrenic spaces and 
perniits the passage of the wire to the under surface of the diaphragm, 
a region not accessible in ascites 

PROTOCOLS 

Experiment 1 (Fig 3) — Observations were made during drainage of ascites 
in a case of cirrhosis of the liver The wire end came m contact with the 
viscera without causing sensation Several points on the parietal peritoneum 
were touched from 3 to 5 inches lateral and above the cannula with enough 
pressure to locate the tip by the observer’s touch The patient complained of 
“pain like a needle puncture” and with eyes closed localized the spot by 
touching the skin with the end of his finger The patient’s localization was 
usually a little below the actual point of irritation, but always within a radius 
of one-half inch Pressure toward the flanks against the parietal wall caused 
a more diffuse pain 



Fig 3 —Experiment 1 Showing areas of parietal peritoneum stimulated 
by a wire passing through cannula = actual point stimulated, +== local- 
ization of pain by patient, arrows show direction of wire 

Experiment 2 (Fig 4) —Patient with ascites Wire passed along parietal 
wall in direction of arrows Beaded wire end caused no feeling unless tip was 
pressed with considerable force Rough end caused pain at points indicated 
of sharp character and localized by patient in close proximity to the point of 
contact 

Experiment 3 (Fig 5) Case of ascites Beaded end of wire entangled in 
viscera caused cramplike pain on movement, but none by superficial contact 
Rough end of wire followed the parietal wall freely for some distance on 
both sides and above the navel Contact with slight pressure or gentle move- 
ment over the parietal peritoneum produced sharp pain which the patient 
localized with remarkable precision close to the actual site of stimulation 

Experiment 4 (Fig 6) —Ascites from cirrhosis of liver Conditions favor- 
able to free exploration with wire Localization by patient always within 
three-quarters inch of point stimulated 
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Experiment S (Fig 7) —Patient had early tuberculous peritonitis No 
fluid obtained by puncture Filtered air slowly forced into the cavity until 
3,000 cc had entered The abdominal wall was thin and tympanitic over all 
of the anterior aspect and well down in the flanks To prevent escape of the 
air, a strip of adhesive tape was stretched over the opening of the cannula and 
the wire passed through the tape into the cannula and abdominal cavity The 
silver wire was passed with ease along the inner abdominal wall in the direc- 
tion of the arrows, the point being readily detected by the palpating finger and 
even with the eye Slight pressure with the beaded point produced no sensa- 
tion Similar pressure with the rough point caused a sharp pain like a stitch 
Gentle lateral motion of the point produced a similar and more severe pain 
The localization of the pain by the patient was always within a radius of one- 
half inch from the point irritated 

Experiment 6 (Fig 8) — Patient was a thin subject with no pathologic con- 
dition of the abdomen except a scar from a laparotomy performed two years 
ago for removal of pus tubes About 4,000 cc of air was introduced The 
results of irritating the parietal peritoneum with the wire were similar to 



tnose obtained m previous experiments When the wire came in contact with 
the adhesions beneath the scar and enough pressure exerted to produce dis- 
placement or stretching, the patient complained of a dragging painful sensa- 
tion in the region of the scar tissue 


Experiment 7 (Fig 9) —Patient had a very thin fat layer over the abdomen 
and no abdominal disease After puncture, more than 4.000 cc of air was 
introduced, with resulting tympany over the whole abdomen and even over 
the liver and spleen The wire tip could be followed readily by the eye as 
It passed along the inner wall The localization of pain was made with the 
same accuracj> over the upper parietal peritoneum as in previous experiments 
The wire could be seen passing upward to the left costal border until it 
disappeared beneath the ribs About 2 or 3 inches above this point within the 
mammary hne the beaded point came in contact with the diaphragm (central 
portion) Moderate pressure caused a sharply localized pain at a point situated 
over the middle third of the trapezius ridge When the rough tip of the wire 
was brought in contact with this region even slight pressure or a lateS 
motion set up pam of great intensity over the spot m the neck This spot 
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Fig 9 — Experiment 7 Upper figure showing stimulation of parietal peri- 
toneum and of the under surface of the diaphragm (A) with resulting referred 
pain in neck (A') Lower figure showing under surface of diaphragm, and 
region (A) stimulated 
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of referred pain did not change its location with shifting of the wire point 
over an area of the diaphragm 2 or 3 inches in diameter As the wire was 
drawn down below the costal border on to the abdominal wall the pain in 
the neck ceased and the patient localized the pain over the portion of the 
abdomen corresponding to the point of wire 

Experiment 8 (Fig 10) — The patient was thin, with no abdominal symp- 
toms More than 5,000 c c of air was injected, creating tympany over anterior 
aspect of abdomen and high up under the thorax The rough end of the 
wire was passed along the inner wall to the costal border, then upward 3 or 
4 inches until it came in contact with the dome of the diaphragm On the 
slightest pressure the patient complained of sharp pam definitely localized at 
the outer edge of the trapezius ridge This point was tender to pressure over 
the skin Withdrawal of the wire was followed by slow cessation of the 
pain, eight or ten seconds passing before its complete disappearance Later 
contact of the wire with the parietal peritoneum an inch below the costal border 
produced pam close to the stimulated point 

Experiment 9 (Figs 11 and 12) — ^This patient entered the hospital with 
a marked pneumoperitoneum, probably due to perforation of a gastric ulcer 
As shown in Figure 11 there was a large collection of gas separating the 



Figure 11 


liver and spleen from the diaphragm As the patient had no fever and was not 
very ill the following experiment was carried out in the erect position before 
the fluoroscopic screen A trocar was inserted under the costal border upward 
into the air cavity over the liver After the removal of the trocar the wire 
was run through the cannula and the escaping gas controlled by a rubber 
film The beaded wire end could now be brought in contact at will with the 
greater part of the under surface of the diaphragm and be followed by the 
eye while the patient was asked to register sensation and its location A light 
touch of the beaded end or gentle stroking motion produced no sensation 
anywhere Firmer pressure produced pain (Fig 12) Over the peripheral 
margin, narrow anteriorly and broad posteriorly, the pain was diffuse and 
referred to the right costal border, the patient indicating the area with his 
hand placed transversely over the lower ribs and over the right hypochondriuni 
On removal of the wire this pam slowly disappeared Over the central portion 
of the diaphragm firm pressure elicited a sharp pain over the outer third 
of the trapezius ridge The patient indicated the spot with the tip of his 
finger and described the sensation as “the wire sticking into my neck” The 
patient complained if the observer pressed his finger on the skin at the spot 
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Fig 12 — Experiment 9 Schematic drawing of Figure 11 Upper figure 
indicates points of stimulation of diaphragm with wire (patient standing before 
fluoroscopic screen) Lower figure (schematic representation of lower surface 
of diaphragm) showing approximate region (A),, the stimulation of which 
caused localized pain at (A') , alsp approximate region (B), stimulation of 
which caused diffuse pain in region (B') 


£ A 



Fig 13 — ^Diagram of the primitive diaphragm to show the several parts 
from which it is built up (After Broman ) (Quain’s Embryology, p 243, 
Fig 298) 1, pericardial part derived from septum transversum, 2 and 3, parts 
derived from the mesentery, 4, 4, parts derived from pleuro-pentoneal mem- 
branes betAveen these dorsally and the mesenteric portions are the nearly 
closed pleuro-pentoneal openings, 5, 5, parts derived from the bod>-w'alls, 
1, 2, 3, 4, 4, co\er the cranial aspect (upper surface) of the liver 
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indicated This pain also continued with decreasing intensity for several 
seconds after the pressure was removed When the roughened wire point was 
used, the pain produced was much more severe, although the localization was 
the same as with the beaded point After the above observations were com- 
pleted the gas was allowed to escape and the patient went on to complete 
recovery 

The penetration of the phrenic nerve fibers into the peritoneal (as 
well as the pleural) covering of the diaphragm was demonstrated by 
Ramstrom, although their course could not be followed with accuracy 

The diagram of Quain ® (Fig 13) shows that in the embryo a part 
of the diaphragm is a derivative of cervical myotomes which are 
displaced backwards as the diaphragm descends to its permanent 
level These myotomes carry down in their descent portions of the 
third, fourth and fifth cervical nerves, fusing into the phrenic nerve 
and originally containing both motor and sensory fibers We may 
reason that the motor fibers continue their function m activating the 
diaphragm muscle, while the sensory nerves through disuse cease to 
register localized sensations in the diaphragm Under strong stimula- 
tion, however, these afferent fibers of the phrenic nerve retain their 
ability to carry impulses to the cervical cord and thereby give rise to 
referred pain in the neck 

The pain elicited from stimulation of the outer surfaces of the 
diaphragm is explained by the known distribution of the lower six 
intercostal nerves to the diaphragm Afferent impulses through these 
nerves to the cord find expression in pain referred to the abdominal 
wall and lower thorax which receive their sensory supply from the 
corresponding cord levels 

The pain elicited in these experiments, m our judgment, arises 
from stimuli both in the peritoneum and the subserous tissues The 
pain caused by pressure of the smooth point Mackenzie would attribute 
to stretching the nerves in the subserosa and the pain from the sharp 
point to tearing of the delicate peritoneal covering and penetration 
into the sensitive subserosa It is easier, however, to assume that 
both structures are sensitive since both have the same supply of cerebro- 
spinal nerves It is well to emphasize that the pain from the parietal 
peritoneum is always direct and not referred in contrast to that of 
the diaphragm 

, SUMMARY 

1 The parietal peritoneum, and its underlying serosa, so far as 
explored, namely, all the anterior median areas and the lateral areas 
as far as the anterior supenor spines, are sensitive to pain from strong 
pressure of a smooth point or light pressure or lateral movement of 
a rough point of wire 


6 Quain Anatomj 1 243, 1906 
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2 The pain elicited by stimulation of the parietal paretoneiim is 
localized with considerable accuracy by the patient, the error being 
less than one inch 

3 Our observations confirm the conclusions of Ramstrom and 
Lennander tliat the parietal peritoneum is devoid of pressure sense 

4 The peritoneum covering the diaphragm is devoid of pressure 
sense as applied by light contact or stroking of a beaded wire point 
But to strong piessure with a beaded point or light contact with a 
rough point it is acutely responsive to the sense of pain 

5 The localization of pain from stimulation of the diaphragmatic 
peritoneum is never m the diaphragm itself It is always leferred to 
some distant part Stimulation of tlie outer margin causes diffuse 
pain over the lower costal region and subcostal abdominal wall Stimu- 
lation of the central portion produces pain over a sharply limited 
point somewhere along the trapezius ndge These impulses are doubt- 
less carried by afferent fibers of the phrenic nerve to the cervical cord 
and thence referred to the neck by the sensitized cutaneous nerves 
of the fourth cervical segment This pain has not been observed along 
the course of the phrenic nerve itself 



OSTEITIS DEFORMANS IN MONKEYS 
E P CORSON WHITE, M-D 

PHILADELPHIA 

Osteitis deformans, or Paget’s disease, is a chronic constitutional 
process usually involving all the bones of the adult skeleton It affects 
most severely the bones of the cranial vault and the long bones of the 
extremities In contrast, the small bones of the face, hands, feet and 
joints are little, or not at all, involved It is characterized by extensive 
absorption of compact bone and an excessive production of abnormal 
bone substance, fibro-osteoid tissue which, while soft and spongy, shows 
on roentgen-ray examination a definite calcification, and on chemical 
analysis a high calcium and inorganic content 

Paget’- described this condition m 1876 m a paper that is still the 
most impressive on record Following his communication many single 
and groups of cases were reported, until today approximately 350 cases 
are on lecord As a fully developed entity it is still, however, classed 
among the rarer diseases of mankind Jefferson Hospital had three 
cases in 30,000 admissions, Johns Hopkins, three in 38,000 When 
advanced, the picture is so striking and typical that it would be impos- 
sible to overlook it, but early cases or those with limited involvement 
cannot easily be and probably are not detected It is very possible, 
therefore, that statistics do not represent the prevalence nor the wide 
distribution of the disease It is for this reason that I wish to report 
these cases in monkeys 

Jonathan Hutchinson ^ found in an old Egyptian tomb a parietal 
bone which grossly and microscopically was osteitis defoimans This 
specimen, now in the College of Surgeons in London, is probably the 
earliest specimen on record Waterhouse,® Paget,^ Wilks,® Goodhart ® 
and others collected authentic cases m collections of old bones m 
museums Buthn ’ included the Neanderthal man as an example, basing 
his diagnosis on the marked porosity of the bone, excessive development 
of the superciliary ridges, and the deep depressions for the Pacchionian 
bodies and the blood vessels 

*From the Laboratory of the Philadelphia Zoological Society 

1 Paget On a Form of Chronic Inflammation of Bones, Med Chir Tr 
60 37, 1877 

2 Hutchinson, J Illustr Med News 2 177, 1889 

3 Waterhouse Lancet 1 1215, 1907 

4 Paget Illustr Med News 2 181, 1889 

5 Wilks Tr Path Soc Lond 20 273, 1868 

6 Goodhart Quoted by Wilks, Tr Path Soc Lond 20 273 1868 

7 Buthn Lancet 1 519, 1885 
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Stegmann’s ® investigation of the bones of the American Indians is 
the only available study of the disease in savages or semisavage tribes 
He found several excellent examples 

In lower animals the reports are very few and are not available m 
the original The abstracts and references show considerable confusion 
The names osteitis deformans, osteoporosis, osteofibrocystica, osteo- 
dystrophica deformans, osteosarcoma, leontiasis ossia, etc , are used 
almost interchangeably In 1901 Barthelemy ° descnbed a condition, 
“Maladie du Son,” in horses in which there was a marked enlargement 
of the head and of the epiphyses of the long bones His cases were 
more allied to osteitis fibiosa cystica Paget’s disease always attacks the 
diaphyses of the bones and not the epiphyses Goldman descnbed 
typical examples of this condition in fowls Jost in one communication 
described a case in a horse which he says was identical with that con- 
dition described by Paget as osteitis deformans and by Virchow as 
leontiasis ossia lie also refeis to similar cases m goats and monkeys 
Rossweg found it in goats In wild animals the only suggestive article 
found was by Jost but the description was piobably of an osteoporosis 
and craniosclerosis which occurred in a young lion and a monkey All 
these communications deal with either the domesticated animal or 
animals m captivity 

The etiology of this condition is as obscure today as it was at the 
time of Paget’s first description Prince thought it might be due to a 
defect 111 some peripheral nerve or nerve center, or to a tract degenera- 
tion Cases have been reported in conjunction with a myelitis There 
has been little, howevei, on which to base these suppositions Heredity 
is supposed to be active in about 7 per cent of the cases Paget felt 
that the process was at least on an inflammatory basis He deduced 
this from the enlargement and the excessive production of an imper- 
fectly developed stiucture with increased blood supply Many felt that 
rickets, osteomalacia and osteitis deformans were all manifestations of 
the same disease A bacterial cause was proposed by Arcangelh,^^ who 
claimed the discovery of a diplococcus and impi ovement from a vaccine 
Lancereaux and Richards felt that focal infection played a profound 
role in the etiology However, all other observers fail to isolate an 
organism from the bones oi to get improvement from lemoval of foci 

8 Stegmann Wien khn Wchnschr, 1905 

9 Barthelemy These de Lyon, 1901 

10 Goldman Verem Freiburger Aerzte, May 30, 1902 

11 Jost Arch f Wiss u prakt Tierh 36 652, 1910 

12 Rossweg, F Vet Med Inaug Diss , Giessen, 1913 

13 Jost Arch f Wiss ii prakt Tierh 39 164, 1913 

14 Prince Tr Assn Am Phys 17 392 1902 

15 Arcangelh Rev ospedal ,' Roma 5 563, 1915 

16 Lancereaux Traite d’Anat Part, 1883 
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The more interesting theories go back to perversions of internal secre- 
tions, pituitary, parathyroid, etc Higbee and Ellis say, in relation to 
the neurotrophic theory, that “if the neurotrophic mechanism governs 
metabolism and is influenced by the activity of the ductless glands, there 
IS considerable likelihood that its disturbance may be found to be the 
cause ” 

Da Costa believes the disease to be a disorder of bone metabolism 
probably dependent on the absence or perversion of some internal 
secietion There is much evidence on hand to prove that disorders of 
the ductless glands do influence bone metabolism, and changes in these 
glands have been reported in cases of Paget’s disease, although the 
findings and lesions have been far from uniform or distinctive, and have 
not been confined to one gland Eight cases were reported as possibly 
being hypothyroid conditions, pituitary changes were found in three, 
suprarenal changes in one , parathyroid reported missing in two , three 
had sclerotic thyroids Many reports make no mention whatever of 
the glands of internal secretion 

Da Costa interprets the retention of calcium, phosphoius and mag- 
nesium, with the sulphur loss found in these cases, as indicating a 
stimulated osseous or osteoid formation, accompanying the resorption 
of a highly sulphurized organic matrix In the course of this calcifica- 
tion procedure, he supposes that a certain quota of the sulphur of the 
matrix is replaced by other elements, a process which must entail 
retention of calcium, phosphorus and magnesium, and increased elimina- 
tion of sulphur He shows the close parallelism between the mineral 
metabolism of a growing boy, a case after parathyroidectomy, and a 
case of osteitis deformans, and suggests that this depends in some way, 
either on the absence or on the perversion of some internal secretion, 
possibly the parathyroids, which controls calcium exchange in the body 
From some cause, substances arise which have the power to abstract 
calcium from the body tissues, the abstraction of these salts being the 
first step in the production of the disease This theory of Da Costa’s 
most satisfactorily describes the history of the monkeys which we wish 
to report 

REPORT OF CASES 

In the Laboratory of the Philadelphia Zoological Society, among 
6,570 consecutive postmortems, three cases of osteitis deformans have 
been found (1) Red woolly monkey, (2) black spider monkey, (3) 
brown cebus monkey This actually represents all cases giving even 

17 Higbee and Ellis J M Research 24 43, 1911 

18 Da Costa, Funk, Bergeim and Hawk Publication from the Jefferson 
Medical College and Hospital 6 1, 1915 
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a suggestion of tins condition, because in the postmortem examinations 
in this laboratory, every skeleton receives really careful inspection 

Case 1 —The first monkey received Nov 25, 1919, was a particularly active 
specimen and as fai as we could determine, a perfectly healthy adult animal 
He passed the tuberculin test and was placed on exhibition In April, 1920, he 
was first reported as being crippled and in June, 1920, he was removed to the 
laboratory At that time the long bones of the legs and arms were bowed 
anteriorly and laterally, the degree of the curvature making the hands and 
feet seem disconnected The monkey could stand, but made no voluntary 
effort to do so There was evidently some pain, although it could not have 
been at all severe He resented handling, especially of his arras or legs His 
head was rounded,' resembling that of a baby His eyes were protuberant, sug- 
gesting an exophthalmos The maxillary bones were excessively thick so that 
his mouth could not close and the monkey drooled saliva His blood on 
admission to the infirmary in May was hemoglobin, 89 per cent , erythrocytes, 
4,370,000, leukocytes, 5,800 One week before death it was hemoglobin, 54 
per cent , erythrocytes, 2,860,000, leukocytes, 6,000 The carbon dioxid com- 
bining power of the blood (Van Slyke method) was low, according to human 
standards approaching an avidosis, alkali reserve (Marriott method) also 
confirmed these findings they were also noticeably low when compared with 
apparently normal monkeys Routine urine examination showed a constant 
trace of albumin, hyalin and granular casts, and an excess of mdican There 
was at no time a Bence-Jones protein reaction He had a constant slight 
diarrhea with some flatulence The semifluid, constantly acid feces presents 
a preponderance of gram-positive organisms His appetite was fair and he 
showed a marked craving for lime, eating plaster from the walls when he could 
get it Because of this desire for lime, he was given a salt mixture to see if it 
would have any effect on the bone condition The mixture was the following 
sodium chlorid, 0 874 gm , potassium chlond, 0 548 gm , calcium acid phosphate, 
3 608 gm , calcium lactate, 0 386 gm , magnesium citrate, 0 848 gm , potassium 
citrate, 1 953 gm This mixture the animal ate with avidity and seemed more 
comfortable while taking it; other than that no change was noted 

An inorganic metabolism was attempted in the ordinary diet, and in the 
diet plus the salt mixture Under the conditions at our disposal this was not 
entirely accurate, but showed such marked variation from the normal osteo- 
malacic animals rexamined, and such a marked correspondence on the four 
separate four day periods of each intake, that it seemed acceptable The result 
of this investigation on the first series of four day periods was 


Intake 


t" — " ■ 

Feces 

K 

Urine 

Total 

Retention 

Calcium 

0 0280 

0014 

0 0022 

00162 

00118 

Magnesium 

0 0640 

0034 

0 0123 

00463 

00177 

Phosphorus 

01540 

0027 

0 0430 

0 0700 

0 0840 

Sulphur 

01440 

0 002 

01680 

01700 

0 0260 (loss) 


The result on the higher salt content was practically the same, the retention 
proportionately to the intake, was slightly less 

The diet for these small monkeys is two apples, two bananas, six small sweet 
potatoes with a lump of boiled rice about the size of an egg The content of 
this diet has been found to be very low in calcium, sodium, chlorin and iron, 
while the potassium, magnesium and sulphur are high To this diet lime 
water was added to increase its inorganic content 

The red uoolly monkey died Aug 20, 1920, and was immediately posted 
There was marked thickening of the frontal, occipital, and parietal bones and 
of the upper and lower jaws The increase in the size of the alveolar margins 
prevented the closing of the mouth , only the last four teeth could be brought 
into apposition The enlargement of the mandibles encroached on the caoacitv 
of the mouth cavity The sk-ull, while decidedly thickened, did not enlarge at 
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the expense of the cranial cavity There was a cervical and dorsal kyphosis 
The chest was increased anteroposteriorly and contracted laterally The bones 
were thick, bulky, and deformed 

Case 2 — ^The black spider monkey showed a general hyperplasia of the 
whole shaft of the long bones She was much deformed by curvatures and 
swellings of the skeleton head enlarged, face deformed by swelling of the 
upper and lower alveolar process, jaws did not close, and the palatal bones 
were flattened, skull irregularly thickened, elastic but not soft, slight sub- 
periosteal growth, and a section of the ulna showed a subperiosteal osseoid 
layer surrounding the old shaft This tissue seemed to be very poor m lime 
salts, cutting without any grit "Marrow cavity was filled with a fairly firm, 
deep red marrow which did not bleed on section 

Case 3 — The third monkey, the brown cebus, showed exactly the same gen- 
eral picture but was less severely affected than the other two 

PATHOLOGY IN BONES 

The more minute study of the bones of these monkeys shows a variety of 
pictures while preserving one general form The skull is smooth, mottled by 
irregularly placed areas of congestion, it is asymmetrically thickened, dif- 
ferentiation between cortex and diploe, and between internal and external 
tables is lost, calcareous matter is absorbed and the resultant bone is soft, 
elastic, and porous, lacunae enlarged and lined with bone corpuscles and 
giant cells Other areas show more dense bone, the reparative processes 
being more active in that the lamellae are wide, and the vascular spaces nar- 
row As a rule the compact bone is absorbed, the Haversian canals are more 
or less confluent and there is generally a marked increase of newly formed 
osteoid tissue The ossifying periostitis obliterates the depressions for the 
cranial arteries and sutures The skull cap becomes finely porous, cancellous 
and even cavernous The spaces are filled with a soft red marrow-like mate- 
rial The bones at the base of the skull are much less involved, the peri- 
cranium, dura, and brain are normal 

The long bones show interlacing narrow strands which are in some regions 
wide, in others narrow, or thin as in spongy bone Large irregular cavities 
are present, and there is a disappearance of the compact bone and an encroach- 
ment on the medullary canal of a relatively dense new bone, with small 
irregular trabeculae surrounded by osteoblasts and a fibrous connective tis- 
sue which fills the outer trabecular spaces The new bone is often both sub- 
periosteal and myelogenous, the latter frequently gaining on the former It 
IS always soft and irregularly calcified The general arrangement of the 
strands in the deep layers is longitudinal, but in the subperiosteal bone they 
are very irregular and almost at right angles with the central strands In 
this new osseoid tissue cysts are frequent, varying in size from very small 
to rather large cavities filled with a cloudy gelatinous material The picture 
here is very like osteitis fibrosa cystica Endosteal cells proliferate and may 
fill up the narrow spaces so that solid masses of fibrous tissue result Fre- 
quently the osteoid material shows fibrillae The compact bone may be regular 
with well marked Haversian systems , toward the periosteum the cells may 
become scanty, the bone dense in structure, while toward the interior the cells 
are more numerous, and in the more cancellous portions the trabeculae become 
slender and far apart, here they may be covered by a single row of osteoblastic 
cells The intertrabecular spaces are large, irregular and filled with a delicate 
alveolar tissue containing only a minimal amount of normal bone marrow cells, 
large capillaries, and no giant cells There is no evidence of bone destruction 
or unusual osteoblastic activity Periosteum may be of usual thickness wEile 
the bone immediately beneath is spongy The sclerosis of the bone in its 
densest areas is entirely due to the ossification of spindle cells which have 
remained in the place of the original marrow of the bone As a whole the 
bone IS nowhere normal in amount or proportion but the small Haversian sys- 
tems are properly made, the abnormality being chiefly due to cellular and 
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fibrous growth around the large lamellae which at times is normal in amount 
but usually much in excess In places this consists wholly of fibroblasts, at 
others of giant and round cells, very suggestive of sarcoma 

All histologists apparently agree that Paget’s disease starts as a 
resorption of already calcified bone Von Recklinghausen believed 
osteitis deformans started as an osteomalacia resulting first m a marked 
reduction of cortex and followed by an inflammatory process in the 
osteomalacic areas, characterized by the formation of fibrous tissue 
The changes m Von Recklinghausen’s disease are mostly regressive m 
the fibrous marrow with the formation of gelatinous cysts and also 
progressive changes leading to the formation m the large bones of small 
red brown tumors of the nature of sarcomas, an exaggeration of the 
process found m Paget’s disease The mam difference between Von 
Recklinghausen’s and Paget’s disease lies in the changes m the bone 
marrow, which are much less severe m Paget’s disease 

Many of the cases of Paget’s disease first come under observation 
for fractures, accidents common in osteomalacia but very rare in 
developed cases of osteitis deformans Early cases all presented diarrhea, 
which was present m all the early human cases seen, and in all the cases 
reported in monkeys This symptom was mentioned in fourteen of the 
cases reported in literature It was also a symptom m primate osteo- 
malacia The diet of these monkeys was exceedingly low m those 
substances essential to bone development Sherman has shown that 
calcium balance is regulated to a certain extent by the calcium ingested, 
and that when the diet is poor in this element, the output materially 
exceeds the intake, a fact which is immediately changed when the animal 
IS put on a diet high m calcium As far as we could find, there are no 
studies on the mineral metabolism of beginning cases of Paget’s dis- 
ease It seems possible from the osteomalacic animals pieviously 
studied, that the low mineral and otherwise faulty content of the diet 
and the symptoms they produced might so disturb the chemical 
equilibrium directly, or through the neurotrophic mechanism, or through 
the perversion of the ductless glands, that the mere addition of lime 
water might entirely change the pathological picture This is in accord 
with the histolog}^ The initial histologic picture is always resorption 
of bone, a general decalcification, which later presents an irregular 
proliferation The disease then progresses along difierent lines ending 
as an osteitis fibrosa cystica, Paget’s, von Recklinghausen’s, or other 
disease, dependent on the strength and character of the reparative 
stimulus and the organism upon which it acts 

This IS also in accord with the probable chemistry of calcification 
In osteomalacic monkeys there is a change in fecal bacteria to a type 
producing much acid and causing a probable dram on body alkalis 
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There is also a lowered alkaline reserve and a diminished carbon dioxid 
carrying power of the blood According to Wells/® calcium is carried 
in the blood in amounts not far from the saturation point, and is held 
in solution by colloids and carbon dioxid probably in the form of an 
unstable double salt of calcium bicarbonate and dicalcium phosphate 
The reduction of carbon dioxid in any area, or some unknown agency 
causes the precipitation of the calcium salts The lowered carbon dioxid 
cariymg power of the blood was present in one monkey when the heavy 
calcium content of diet was started, and other conditions, as the acid 
diarrhea, were present which very probably constantly drained the fixed 
alkalis of the body 

These cases are of interest (1) because they are typical examples 
of Paget’s disease as it has been described in man both clinically and 
pathologically , (2) because they show the same general type of inor- 
ganic metabolism that was exhibited in man, (3) because of the alkali 
hunger shown by one of the monkeys and by two human cases, a hunger 
which was severe and which preceded the deformity and disappeared 
after the deformity was established, (4) because the disease developed 
in animals fed on a diet insufficient in its inorganic and vitamin content, 
to which an excess of calcium was added 

From this study it seems possible that Paget’s disease may be just 
one stage in a deficiency disease It may be a reparative response (1) 
through a disordered neurotrophic mechanism, (2) through the perver- 
sion of the calcium governing glands which have been disordered by an 
improperly balanced diet, or (3) through the addition of an excess of 
calcium to the diet of an animal whose body fluids were unable, through 
previous faulty diet or other disorders, to hold it in solution 

19 Wells Chemical Pathology, Philadelphia, W B Saunders Company, 1918 



CHOLERA ACIDOSIS AND ITS THERAPY - 
M TSURUMI, MD, and T TOYODA, MB 

DAIREN, MANCHURIA 

Acidosis IS now generally known to be present in various diseases, 
such as diabetes, nephritis, uremia, and when violent diarrhea and vomit- 
ing occur clinically, there is also a rapid decrease in the body fluids 
In most cases of cholera, the victim falls into a state of temporary 
inanition, and in consequence of the action of the toxin on the kidneys, 
so-called cholera nephritis very often develops The decrease of blood 
alkali and the accumulation of acid in the body, make the existence 
of acidosis a certainty 

Sellards noted the remarkable tolerance of the urine to alkali, while 
Rogers observed a notable decrease of alkali in the blood 

During the cholera epidemic of last year, 529 cases were treated in 
the Dairen Isolation Hospital Owing to a lack of apparatus Van 
Slyke’s method for the determination of acidosis could not be employed 
Traube’s quinin method was resorted to instead, and the stalagmometer 
was employed Placing the blood plasma to be tested in a solution of 
hydrochlorate of qumm liberates the quinin through the action of the 
alkali in the plasma, and the qumm so liberated will lower the surface 
tension of the solution so that it assumes a form somewhat resembling 
colloid and possesses a large molecular weight Some of the mixture 
IS allowed to drip by means of a stalagmometer, and the amount of 
alkali m the blood is determined by the number of drops The greater 
the amount of alkali present, the lower is the surface tension of the 
mixture, and, also, the greater the number of drops On the contrary, 
if the number of drops is small, it is assumed that the alkali in the 
blood IS lessened, which state is termed acidosis 

The stalagmometer we used delivered 55 9 drops of distilled water 
at 20 C with the maximum range of about 0 1 drop As a difference 
of 0 15 drop was found to correspond to a rise or fall of 1 C , the 
number of drops obtained from the experiment was calculated as for 
a temperature of 20 C 

DETERMINATION OF ACIDOSIS IN CHOLERA CASE 

1 Detei miuatwn of Alkah in the Blood of a Person in Good Health 
—Five young men and five young women, all m good health, were 
tested for blood alkah between 3 and 4pm An average of 68 drops 
(with 68 6 for the highest and 67 5 for the lowest) was obtained 


*From the Dairen Isolation Hospital 
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Although the number of instances is too few to be used as a control, 
the average obtained was thought to be near enough to the average of 
69 drops obtained by Onodera in 200 cases 

2 Detenmnation of Alkah m the Blood of Cholera Cases — Forty- 
nine cases of cholera subjected to the alkah test (including two cases m 
which cholera vibrios were not found) were divided into three classes 
(1) mild, (2) medium and (3) severe — according to the conditions 
present at the time of withdrawing the blood, which was just after 
their admission to the hospital All the patients, except two, were 
young adults The exceptions were aged 12 and 16 years, respectively 
(o) Nineteen mild cases (none resulting fatally) gave an average of 
67 9 drops, showing little decrease from the average of 68 drops for 
normal persons This indicates that, as far as the alkali in the blood 
IS concerned, there is but little difference between mild cases of cholera 
and normals (&) Eleven medium cases (including one fatal case) 
gave the average of 67 7 drops, being less by 0 3 drop than for normals 
However, it can hardly be said that any considerable decrease in alkali 
in the blood was observed in these cases (c) Among nineteen severe 
cases (including thirteen fatal cases) with an average of 67 drops, 
seventeen showed a remarkable decrease, the average being 66 6 drops, 
being 1 4 drops less than for the average for normals It may be added 
that most cases below 66 drops ended fatally In other words, the 
decrease in the number of drops appeared to have some definite 
relationship to the prognosis 

3 Alkah Injection and Nnmbei of Di ops — The alkali used was 
sodium bicarbonate It was dissolved in saline solution up to from 
25 to 30 per cent , sterilized, and from 500 to 1,000 c c of this solution 
was injected intravenously This injection was performed, when 
possible, immediately after or within a few hours after the patient’s 
admission to the hospital After the blood alkali has been determined, 
the operation was repeated, if necessary These determinations of the 
alkali were made at intervals of one hour, one day, or several days Of 
the twenty-seven cases, the number of drops or the alkali in the blood 
were increased in fifteen, the alkali was decreased in eight, and no 
change was noted in three 

When more injections were given, the increase m alkali was greater 
Therefore, in many cases, the injection of the sodium bicarbonate solu- 
tion caused a temporary or a permanent increase of alkali in the blood, 
and an improvement in the patient’s condition 

A\'hy did the number of drops decrease after the injection in certain 
cases ^ Probably because the acid generated in the body was present in 
such large quantity that even the injection of alkali did not cause a 
notable increase in the blood alkali 
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TREATMENT OF CHOLERA 

1 Injection of Sodtwn Bicarbonate Saline — There is no disputing 
the efficacy, to a certain degree, of the injection of immune serum and 
saline, but it is far from satisfactory As stated, in cases of cholera, 
especially severe ones, the blood alkali decreases remarkably, causing the 
appearance of acidosis Therefore, the injection of alkali, for instance, 
sodium bicarbonate saline, is rational therapy The amount of alkali 
in the blood and the clinical symptoms may be considered to parallel 
each other, as a ‘rule In other words, the more the alkali increases, 
the greater improvement m the patient’s condition In cases which 
ended fatally, even the use of alkali in large quantities could not pie- 
vent the blood alkali from decreasing sharply, the mine being strongly 
acid, showing an increase of tolerance for alkali 

The mortality among those patients who received the sodium 
bicarbonate and among others who did not was as follows Cases treated 
with sodium bicarbonate saline, forty-nine , fourteen deaths, or 28 4 
per cent mortality Cases treated with saline or serum-therapy or 
both, 480 , 205 deaths, or 42 7 per cent mortality 

Making due allowance for the great difference in the number of 
cases of the two groups, the death rate m the first group was 14 3 
per cent lower than the death rate in the second gioup There is 
reason to believe that this lowering of the mortality rate can be carried 
still furthei It is specially noteworthy that none of the patients sub- 
jected to the alkaline therapy died of the choleraic stupor or of uremia 

2 Lack of Chlouds nt the Body — Quantitative tests for chlorids m 
the urine, were made by Moore’s method m ten cases and showed that 
the quantity of chlorid decreased markedly as the patient’s condition 
reached a very seiious stage, and increased as he impioved, gradually 
reaching the physiologic state The quantity of chlorid contained in 
the urine of a healthy person is about 1 gm In our patients, the 
average was only 0 2 gm on the second day of the disease, 0 4 gm on 
the fifth day, and 0 5 gm on the ninth day 

It may be assumed that when the blood chloiid is not measured, its 
accumulation in the body must be reckoned with However, when it 
IS remembered that, according to Rogeis, the blood chlorid of cholera 
patients is below the average normal, the injection of saline as a cure 
is based on rational grounds Nevertheless, to prevent the removal 
of the saline injected it seems rational to use hypertonic saline, from 
1 to 1 2 per cent above the physiologic percentage 

SUMMARY 

1 The alkali content of the blood in mild cases of cholera is prac- 
tically the same as in health But in the severer, and especially in the 
lei}'^ serious cases, a marked decrease of alkali is observed, leading 
to acidosis 
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2 By the injection of alkali, the blood alkali in cholera cases is 
generally increased temporarily or permanently, that is to say, the 
number of drops by the stalagmometer (according to Traube’s method) 
increases The occasional decrease of the number of drops is believed 
to be due to the increased acid produced in the body and to the 
great increase of tolerance to alkali in consequence of acidosis in an 
acute form 

3 The mortality after the injection of sodium bicarbonate-saline 
in forty-nine cases was 28 4 per cent , while the mortality in 480 cases 
m which no alkali was given, but instead saline, or serum, or both, 
was 42 7 per cent , a difference in favor of alkaline therapy of 14 3 
per cent 



OBSERVATIONS ON VITALLY STAINABLE RETIC- 
ULATION AND CHROMATIC GRANULES IN 
ERYTHROCYTES PRESERVED IN VITRO 

O H PERRY PEPPER, MD 
philvdelphia 

These observations were made with the object of determining 
whether the vitally staining reticulation of young- erythrocytes persists 
or IS lost m blood preserved in vitro In this manner it was hoped 
to gam some further information concerning the effect of such preserva- 
tion on the erythrocyte from the point of view of the value of such 
cells for transfusion purposes If it could be shown that preservation 
of erythrocytes in vitro for several weeks or a month did not reduce 
the percentage of cells in which the reticulation could be demonstrated 
by vital staining it might, perhaps, be assumed that the preserved 
erythrocytes had not aged during the period of preservation and 
were from this point of view as suitable for transfusion as freshly 
drawn cells 

Rous and Turner ^ obtained the best preservation of human erythro- 
cytes with three paits of blood m two parts of isotonic (3 8 per cent ) 
sodium citrate in water, and five parts of isotonic (5 4 per cent) 
dextrose in water, and these observers ^ found that erythrocytes thus 
preserved in the cold for fourteen days can be used for transfusion 
and Avill apparently remain in the circulation and function satisfactorily 
Kambe and Komiya ^ came to the same conclusion after studying the 
effect of transfusion of erythrocytes preserved in vitro up to twenty 
days on the appearance of polychromatophiha m the circulating blood 
following hemorrhage Polychromatophiha is a regeneration phe- 
nomenon and IS seen m young cells only As a rule, it appears in 
twelve to twenty-four hours after hemorrhage, reaches its highest point 
m three or four da)^s and disappears in a week It was found that 
transfusion of preserved cells prevented the appearance of this poly- 
chromatophiha just as effectively as did transfusion of fresh cells, thus 
proving the vitality of the preserved cells This did not, however, 
give any evidence as to the durability of the preserved cells 

*From the William Pepper Laborator 3 ^ of Clinical Medicine, University of 
Pennsylvania 

1 Rous, P , and Turner, J R The Preservation of Ln iiiR Red Blood Cells 
111 Vitro, J Exper 23 219, 1916 

2 Rous, P, and Turner, J R The Preser\ation of Living Red Blood Cells 
in Vitro, J Exper M 23 239, 1916 

3 Kambe, H and Komna E Transfusion Experiment vith Red Blood 
Corpuscles Am T Physiol 53 1 (Aug) 1920 
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There is little known about the persistence of the reticulation in 
erythrocytes after removal from the body Key ^ states that the retic- 
ular substance can be demonstrated in oxylated or defibrinated blood 
which has been shed for periods up to sixteen days if it be kept on 
ice No other statements on this subject have been found in the 
literature 

In the present study rabbit and human bloods were employed 
The rabbits were rendered anemic by bleeding or by injections of 
sodium oleate in order to increase the number of reticulated cells 
Severe anemia was avoided for fear of altering the resistance or 
other characters of the erythrocytes, this point has not been suffi- 
ciently considered in experimental work The blood was obtained 
under sterile precautions and either defibrinated or added to the sterile 
dextrose citrate solution of Rous and Turner Samples were then 
placed in the ice box at 8 C and observed at intervals Other samples 
were incubated at body temperature The count of reticulated erythro- 
cytes was made at the time of obtaining the blood All preparations 
were vitally stained with brilliant cresyl blue For other studies of 
the blood Wright’s stain was used 

Results — Defibrinated rabbits’ blood kept in the icebox continued 
to have demonstrable reticulated cells for as long as one month After 
three weeks the number of reticulated cells decreased, and in some of 
the reticulated erythrocytes there appeared one or two small discreet 
granules staining blue with the cresyl blue, suggesting that the reticula- 
tion was disintegrating 

Blood taken into 3 8 per cent sodium citrate solution almost always 
promptly showed a reduced number of reticulated forms as compared 
with the undiluted blood, but this varied considerably in various experi- 
ments Occasionally, with human blood in citrate solution no reticulated 
forms could be found while with rabbit blood the reticulated erythro- 
cytes were not lost In one observation with rabbits’ blood taken 
into 3 8 per cent citrate in the proportion of three parts of blood to 
two parts of citrate solution and kept in the icebox reticulated erythro- 
cytes persisted in undiminished number for a week but had disappeared 
three days later Human blood usually continued to show a few 
reticulated forms and on one occasion these forms persisted for a 
month in blood which had been preserved by the Rous-Turner method 
Unger ■' has shown that sodium citrate even in the low percentages 
employed in transfusion renders the erythrocytes more fragile, but 
there is no evidence that this increased fragility is in any way related 

n f ^ A , Erythrocytes, with Special Reference to Reticulum, 

Polychromatophiha and Mitochondria, Arch Int Med 28 511 (Nov ) 1921 

5 Unger, L J Deleterious Effect of Sodium Citrate Employed in Blood 
Transfusion, JAMA 77 2107 (Dec 31) 1921 
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to the disappearance of the reticular substance Some years ago 
Pepper and Peet ° were unable to demonstrate any constant difference 
between the reticulated and the nonreticulated forms in their resistance 
to hemolytic agents but no observations were made with citrate 

Incubation at body temperature of blood in citrate solution resulted 
in such rapid hemolysis as to make examination unprofitable after 
twenty-four or forty-eight hours Defibnnated blood, however, could 
be studied for a number of days during incubation at body temperature 
The reticulated forms rapidly disappear under these conditions, for 
example, in one experiment the following figures were obtained for 
reticulated cells At time of bleeding, from 6 to 7 per cent , seventeen 
hours after bleeding, 6 per cent , twenty-four hours after bleeding, 
4 per cent , forty-eight hours after bleeding, 2 per cent , seventy-two 
hours after bleeding, none seen 

In this same blood preserved in this icebox the percentage of retic- 
ulated forms was undiminished at the end of three weeks In no 
specimen of blood left in the incubator were fully formed reticulations 
found after forty-eight hours but in one instance a few remnants of 
the reticular substance were found after sixty-six hours incubation 
One would hardly be justified in drawing any conclusion from this 
obseriation as to the probable period for which reticulation persists 
111 young erythrocytes after they enter the circulation It is probable, 
however, that the period is a short one 

In rabbits’ blood preserved either in the icebox or at body tempera- 
ture there appear witliin twenty-four or forty-eight hours in many 
of the cells shown to contain reticulation by vital staining with brilliant 
cresyl blue, one or more bright enmson spots These number from 
one to, perhaps, six or eight, and vary in size from minute points up 
to perhaps a sixth of the diameter of the erythrocyte In shape they 
ai e round or oval Only when the blood has been stained with brilliant 
cresyl blue do they appear crimson, in the unstained wet blood they 
can be recognized as pale pinkish slightly refractile areas which dis- 
appear with the drying of the blood spread With Wnght’s stain the 
spots do not take the stain but in the polychromatophilic erythroc 3 des 
there occur refractile irregular spaces which are apparently due to 
the same structures In a dry preparation in which the reticular 
substance has been previously stained with brilliant cresyl blue these 
areas are seen as clear spaces often with the reticulation clumped 
around With longer preservation the number of reticulated erythro- 
cytes containing tliese crimson bodies increases and finally with the 
disappearance of the reticulated erythrocytes the crimson granules 
cease to be found 


6 Pepper, O H Perry and Peet, Max M The Resistance of Reticulated 
Eruhrocjtes, Arch Int Med 12 81 (July) 1913 ^cneuiatea 
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These granules are in all probability the “substantia metachromatica” 
described by Cesaris-Demel in 1907 and much discussed sometimes 
under the term “chromatic granules of the reticular substance” in 
the German hematological literature since that date, especially by 
Schilhng-Torgau ® and Pappenheim ® Key refers to them and states 
that they had not been previously mentioned in American literature 
He and others have observed them in freshly drawn, vitally stained 
preparations especially of anemic blood He suggests that they may 
be lipoidal in nature, a view first advanced by Pappenheim but Key 
argues that if so the granules should be visible as refractile bodies in 
the unstained cell Key did not observe such refractile bodies in the 
unstained cells, but in the course of the present observation this was 
repeatedly done They are undoubtedly not mitochondria nor do they 
resemble the vacuoles which frequently occur both in reticulated and 
nonreticulated cells It would seem that their increasing frequency 
during the preservation of erythrocytes in vitro would make it probable 
that they are a degenerative phenomenon of young cells This is the 
view originally advanced by Cesaris-Demel Why they should occur 
chiefly, if not solely, in reticulated cells has not been explained 

DISCUSSION 

These results do not allow many conclusions to be drawn There 
is apparently no question that sodium citrate as employed in the Rous- 
Turner method interferes to a varying degree with the demonstration 
by vital staining of the reticulation of young erythrocytes But this 
does not prove that the erythrocyte has been injured in any manner 
nor that its usefulness has been impaired Some of the cells continue 
to show 1 eticiilation, and these may persist for as long as a month, 
which IS as long as the blood is considered suitable for transfusion 
Defibnnated blood kept at 8 C continues to show reticulated forms 
in undiminished numbers for about three weeks and this apparently 
argues against any aging of the corpuscles On the other hand, the 
increase in the chromatic granules might be interpreted as a degenera- 
tive phenomenon and this supports the view originally advanced by 
Cesaris-Demel 

7 Cesaris-Demel, A Studien uber die roten Blutkorperchen mit den 
Methoden der Farbung in fnschera Ziistande, Folia haematol 4 (Suppl ) 1 
(Oct) 1907 

8 Scbilhng-Torgau, V Ueber die Polychromophilie und verwandte 
Zustande, Folia haematol 11 327, 1911 Arbeiten ueber die Er} throrvten, Folia 
haematol 14 (Arch) 95 1912 

9 Pappenheim, A Ueber Polychromophilie, Folia haematol 9 (Zentral 
Organ ) 311 (Tune) 1910 
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It would seem that the evidence on the whole was rather m favor 
of the view that preservation of the blood in vitro in the cold does 
not of itself age the erythrocytes and so perhaps does not make them 
any less useful for transfusion This would agree with the findings 
of others A suspicion is raised, however, that citrate ma}^ be injurious 
to the erythrocytes and this effect may be the same whether it is added 
to prevent clotting at the moment or for the purpose of permitting 
preservation in vitro This also agrees with the other evidence con- 
cerning the use of citrated blood for transfusion as presented for 
example by Dnnker and Brittingham 

10 Drinker, C K , and Bnttin^ham, H H The Cause of the Reactions 
Following Transfusion of Citrated Blood, Arch Int Med 23 133 (Feb ) 1919 



THE EFFECT OF ATROPIN ON GASTRIC FUNC- 
TION, AS MEASURED BY FRACTIONAL 
ANALYSIS 

BRUCE C LOCKWOOD, MD 

AND 

HAZEN G CHAMBERLIN, MD 

DETROIT 

A study of the literature is not at all convincing as to the eftect of 
atropin on the stomach, especially its clinical effect on the human 
stomach While on laboratory animals its effects seem to be quite 
definite, the reveise is true, according to the literature, when the drug 
is used m clinical medicine for the purpose of lessening spasm or 
reducing secretion 

Auer and Meltzer ^ assert that atropin causes paralysis of the vagus 
endings connected with the ganglia of Auerbach’s plexus and that the 
action IS on the myoneural junction Cushny ^ states that the secretion 
of gastric juice has been shown to be diminished or entirely arrested by 
atropin, which paralyzes the termination of the secretoiy fibers of the 
vagus, and that the hydrochloric acid is more reduced than the pepsin 
or total fluid 

Zunz and Tysebaert® found that in dogs, after a hypodermic of 
from 0 005 to 0 01 gm atropin per kilo of body weight, the stomach 
contractions were weak and diminished , the effect beginning in one half 
hour and lasting 5 or 6 hours After smaller doses the movements were 
normal but the tone was less Ginsburg and Tumpowsky ^ gave from 
1/80 to 1/40 grain atropin intravenously to dogs and found that it 
invariably inhibited contractions and counteracted the effect of pilo- 
carpin and eserin , the action started m from 5 to 10 minutes and lasted 
foi hours 

Smith,® working with strips cut from different parts of the stomach 
of rabbits, cats and dogs, found that solutions of atropin sulphate, 
1 1,000,000 and 1 100,000, invariably produced lelaxation of longi- 

* From the Medical Clinic of the Detroit Receiving Hospital 

1 Auer, J , and Meltzer, S J Am J Physiol 17 17, 1906 

2 Cushny, A R Pharmacology, Philadelphia, Lea and Febiger, 1915, 
p 323 

3 Zunz, E , and Tysebaert, J Action of Atropin Sulphate on Isolated 
Stomach and Intestine, J Pharmacol & Exper Therap 8 325 (June) 1916 

4 Ginsburg, H , and Tumpowsk 3 ^, J Control of Hunger by Drugs, Arch 
Int Med 22 553 (No\ ) 1918 

5 Smith, M J Action of Autonomic Drugs on Survn mg Stomach, Am 
J Plnsiol 46 232 (Tune) 1918 
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tudinal, circular and oblique muscle fibers from all parts of the stomach 
Hecht,® in work done on the surviving stomachs of rats, found a 
variability in the action of atropin due to the piesence or lack of 
peristalsis inducing substances and of cholm in particular 

Keeton, Luckhardt and Koch ’’ worked on dogs with a Pawlow 
stomach and found that 1 mg (0 12 mgm per kilo of body weight) 
inhibits secretion over a period of five hours and shows no toxic effects 
They found that from 50 to 80 per cent of the total secretion was 
arrested before the h3’^drochloric acid dropped The pepsin was also 
diminished 

The laboiatory work on animals would lead one to believe that 
atiopin might have like lesults on man and ivould be a veiy valuable 
drug in clinical medicine Howevei, the literatuie, while very scanty, 
IS divided in opinion as to its value 

Riegel in 1899 reported that atropin caused a decrease of hydro- 
chloric acid and total juice after a test meal of one liter of milk 
Bai clay ® states that belladonna often, but not always, relieves spas- 
modic conti actions of the stomach by paralyzing the vagus and allowing 
unopposed action of the splanchnics 

Rehfuss ® shouted that large doses of atropin hypodermically causes 
a diminution of the psychic secretion and acidity, but never causes 
complete disappearance of the secretion Ciohn measured the effect 
of the diug on the secretion and emptying time of the stomach by fi ac- 
tional analysis He found that 1/65 gram hypodermically one half haur 
after eating did not affect the motility but raised the average acidity 
fiom 32 to 76 degiees This, he states, was repeated on another patient 
with the same results In two cases, which had shown continuous mter- 
digestive secretion, 165 gram hypodermically stopped the secietion, 
this secietion also ceased wdien the patient was fully atropmized by 
mouth, by giving 1 cc tmctuie of belladonna four times daily for thiee 
days, however, this procedure increased the digestive acidity from an 
aveiage of 35 to 51 degiees in a patient wnth a normal isosecretorv 
curve The numbei of experiments aie insufficient to form any definite 
conclusions 

Bastedo concluded fiom the literature, chiefly from Crohn’s Avork, 
that atiopin has no useful clinical effect in any dosage , it does not lessen 


6 Hecht, P Action of Atropin on Stomach, Deutsch Arch f klin Med 
136 296_ (July) 1921 

^ Keeton, , Luckhardt, A B , and Koch, F C Gastrin Studies, Am 
J Physiol 51 469 (April) 1920 

8 Barclay, A E Alimentary Tract, 1915, p 17 

9 Rehfuss, M E Tr Am Gastro-Enterol Assn , 1918, p 25 

Am J M ’s'c l55®80i®d™e) 

M s"c Ts/sl 7920°'°® °' 
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the digestive secretion, but if given in maximal dose hypodermically it 
lessens the interdigestive secretion and lessens pylorospasm Bennett 
and Dodds show one chart of the free hydrochloric acid curve before 
and after gastric lavage with 1/100 grain atropin m 100 cc water 
The curve was about the same for one hour and then the one after 
atropin dropped to almost zero and remained low for two hours 

Because of the foregoing variance of views and the lack of sufficient 
convincing research on the clinical action of atropin on stomach func- 
tion, It was decided to test its action, as measured by fractional gastric 
analysis, on a series of normal and pathologic stomachs We have 
observed, as has Kopeloff,^® that the same person does not always 
respona with the same acidity, type of curve, or evacuation time, on 
different days even when using the same test meal and endeavoiing to 
make all other factors equal However, we do not consider that this 
variation is maiked enough to influence greatly the final results in a 
study such as this, providing sufficient observations are made In 
subjects accustomed to using the tube we have run two or more frac- 
tional curves on the same subject and found that there is a much greater 
tendency for a person to manifest one type of curve and about the same 
acidity and emptying time than there is for him to show marked 
variations 

Procedure — The subject, on a morning fasting stomach, swallowed 
the small fractional tube and the fasting contents were aspirated An 
Ewald meal consisting of two slices of bread and 400 c c of water was 
then given, with the tube left in place, and from 5 to 10 c c of contents 
was aspirated every fifteen minutes The emptying point was taken 
when the return was consistently free from bread Several specimens 
were usually taken after this point was reached There was noted on 
each specimen the percentage of solids and the presence oi absence of 
bile or blood The free and total acidity was determined by the Toepfer 
method All subjects were accustomed to the use of the tube before 
the observations were made, and an efl:ort was made to have them 
continue on about the same intake of food and water The normal 
cur\ e and the curve after the administration of the drug were all taken 
within a few days of each other 

Since emphasis has been laid on the dosage and method of adminis- 
tration a series of cases were taken, giving the drug in different dosage 
b)^ mouth and h3'podermically Twenty-five observations have been 
made 


12 Bennett and Dodds A Contribution to the Study of the Mechanism of 
Secretion in the Upper Alimentary Tract, Internat J Gastro-Enterol 1 121 
(Aug ) 1921 

13 Kopeloff, N Individual Variation as Influencing Rehfuss Fractional 
Method of Gastric Analjsis, J A M A 78 404 (Feb 11) 1921 
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REPORT OF CASES 

1 The effect of administration of 1/50 gram atropm dissolved in 
1 ounce water given given through the tube just previous to giving the 
Ewald meal 

Case 1 — Diagnosis — Pylonc ulcer without obstruction The control test 
showed a hypersecretor}’’ type of curve with an average free Iwdrochlonc acid 
of 58 2 degrees and total acidity 74 degrees over a period of two and three- 
quarters hours The emptying time was two and a quarter hours Two days 
later a curve was again made of this patient, after giving %o grain atropm 
in 1 ounce water through the tube just previous to the Ewald meal The result 
shows the same type of curve reaching its height at the same time and prac- 
tically the same average acidity The emptjmg time remained the same In 
Figure 1 are plotted the total acidity curves with and without atropm 



Fig 1 — Total acidity curves with and without atropm in Case 1 


Case 2 — Diagnosis — Prepjdoric ulcer with moderate obstruction The con- 
trol showed a hypersecretory curve with its peak at two hours, an average 
free hydrochloric acid of 582 degrees and an average total acidity of 66 7 
degrees, with an emptying time of two and a quarter hours After atropm, as 
given m the previous case, the same type of curve vas obtained with its 
height at two hours, an average free hydrochloric acid of 47 3 degrees (10 9 
degrees less than control), and an average total acidity of 80 4 degrees (13 7 
degrees more than control) The emptvmg time was delajed from two and 
a quarter to three hours 


Case 3— Normal subject The control test showed an isocretory curve with 
an average free hydrochloric acid of 32 degrees and total aciditv of 59 degrees 
After atropm, as previously given, the average free hydrochloric acid was 
degrees (a reduction of 10 degrees), and an average total aciditv of 45 

degrees) The emptvmg time was delayed from one 
and a quarter hour m control to one and a half hours after atropm by mouth 
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Table 1 shows a summary of these three cases m which 1/50 grains 
atropm was given by mouth jUst previous to the test meal No marked 
effect is shown by the drug, although there is a tendency toward 
lowering of the acidity and a delay in evacuation time What effect 
the drug may have had after more complete absorption cannot be 
stated, but it is evident that there is no or little direct local effect on 
the mucosa as maintained by Bennett and Dodds 
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Fig 2 — Total acidity curves in Case 4 


2 The effect of administration of %o grain atropm sulphate 
hypodermically just before meal 

TABLE 1 — ^The Effect of %o Grain Atropin Sulphate in 1 Ounce Water 
Given Through Tube Just Previous to Ewald Meal 


Avenge Average Maximal 
Tree HCI Total Acidity Free HOI 


Maximal Evacuation 
Total Acidity Time 


Bile 



Con 

Atro 

'Con 

Atro 

Con 

> 

Atro 

Con- 

, 

Atro 

Con- 

> > 

Atro 

Ton 

1 — 

Atro 

Case 

trol 

pm 

trol 

pin 

trol 

pin 

trol 

pm 

trol 

pin 

trol 

pin 

M S 

5S2 

581 

74 0 

73 7 

78 

82 

97 

97 

135 

135 

0 

0 

M H 

BS 2 

47 3 

C67 

80 4 

105 

65 

140 

105 

135 

ISO 

0 

-f-== 

H J 

32 0 

22 0 

590 

45 0 

44 0 

34 0 

73 0 

63 0 

75 

90 

0 

0 

Average 

49 4 

42 4 

G6 5 

66 3 

75 6 

75 6 

103 3 

S9 

115 

135 
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Casl 4 — Diagnosis — Prepyloric ulcer with moderate obstruction After 
%o grain atropin was given hypodermically, the curve showed a lowei trend 
than the test curve The curves of total acidity are seen in Figure 2 The 
average free hydrochloric acid was reduced 32 4 degrees, and the average total 
acidity was reduced 8 4 degrees The emptying time was delayed from two 
and a quarter to three and a quarter hours 

Casi S — Diagnosis — Duodenal ulcer A control curve showed a hyper- 
secretory curve with a sharp rise at two and a half hours After %o grain 
atropin hypodermically, the curve started at the same level as in the control 
but showed a gradual descent without the sharp rise toward the end of digestion 
The average free hydrochloric acid was reduced 4S9 degrees, and average 
total acidity 36 degrees The emptying time was delayed one-quarter hour 



Case 6 — The same patient as observed m Figure 1 After a hypodermic 
of %o gram atropin both free and total acidity showed a slight reducion 
13 2 and 12 3 degrees, respectively The emptying time lemained the same 
Figure 3 shows the total acidity cuivcs 

The tabnlaled lesulls in these thiee cases aie shown m Table 2 
Iheie IS a moderate reduction of acidity in all cases with a slight 
prolongation of the emptying time 

3 The effect of administiation of gram atropin hypodermically 
one houi pietions to the test meal These nine subjects were all con- 
sidered to be fiee fiom organic or functional gastric disease The 
majority weie in the psychopathic ward and suffered from mild 
dementia praecox oi slight psychosis Table 3 gives our findings 
In no case was the aveiage free or total acidity as high'^after 
atiopin as it was in the contiol curre carried out under identical condi- 
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tions In two cases, however, the free and total acidity went slightly 
higher at one point than in the control The evacuation tune averaged 
practically the same with atropm as without it Figure 4 shows the 
curves of total acidity in a case demonstrating the average effect of 
grain atropm hypodermically given one hour previous to the 
Ewald meal 


TABLE 2 — The Effect of %o Grain Atropin Sulphate Given 

H\ PODERMICALLY JUST PREVIOUS TO EWALD MeAL 



Average 
Free HCl 

Average 
Total Acidity 

Maximal 
Free HCl 

Maximal 
Total Acidity 

Evacuation 

Time 

A 

Bile 

A 
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Atro 
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Atro 
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Atro 

Con- 

Atro 

Con- 

Atro- 

Con- 

Atro- 

Case 

trol 

pm 

trol 
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trol 

pm 

trol 
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trol 

pm 

trol 

pm 

A G 

5S2 

25 8 

667 

583 

110 0 

35 

140 

77 

135 

195 

0 

0 

H H 

S5S 

39 9 

960 

60 0 

95 

58 

113 

113 

105 

120 


+* 

M S 

5S2 

45 0 

74 0 

61 7 

so 

65 

95 

83 

135 

135 

0 

0 

Average 

67 4 

36 9 

78 9 

60 

91 6 

52 6 

116 

91 

125 

145 




TABLE 3 — ^The Effect of %o Grain Atropin Sulphate Hypodermically 
One Hour Previous to Ewald Meal 


Avcrngc 'Average Maxirml Maximal E^ acuatlon 

Free HCl Total Acidity Free HCl Total Acidity Time Bile 

■ ^ ^ A - A — -A , 
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A- 

, ^ 



> 

t 
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! 



Atro 
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Atro- 
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Atro 

Con- 

Atro 
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Atro- 
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Atro 
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pm 
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pm 
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trol 
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trol 

pin 

P S 

33 3 

28 6 

42 8 

418 

50 

35 

60 

44 

120 

120 

0 

0 

A L 

26 4 

25 6 

504 

37 5 

35 

47 

54 

59 

lOO 

100 

0 

0 

G S 

36 0 

88 

541 

17 6 

60 

13 

80 

21 

80 

120 

0 

-F* 

F M 

22 0 

40 

29 4 

18 0 

40 

10 

50 ' 

35 

100 

140 

0 

0 

J M 

87 0 

27 4 

542 

37 0 

56 

34 

72 

56 

100 

140 

0 


A D 

40 0 

25 5 

52 0 

410 

51 

55 

66 

70 

120 

100 

0 

0 

M B 

43 3 

24 8 

49 5 

35 6 

78 

46 

83 

60 

120 

120 

0 

0 

P G 

37 2 

5 6 

42 0 

38 0 

63 

12 

70 

45 

140 

60 

0 

0 

M K 

42 6 

15 0 

62 3 

565 

67 

16 

77 

60 

SO 

40 

0 

0 

Ay crage 

35 3 

IS 9 

48 5 

35 8 

55 5 

29 7 

68 

50 

106 

104 




4 Table 4 shows the lesults in one case of ulcer and in two normal 
pel sons from administering %oo gram atropm hypodermically seven 
hours and again immediately before the test meal The results are 
similar to those obtained by giving gram hypodermically In all 
three cases there was a moderate reduction of acidity, while the 
emptying time remained virtuallj'^ the same Figure 5 shows such a 
curt e 


4 ^The Effect of %oo Grain Atropin Sulphate Hypodermically 
Seyen Hours \nd Again Just Previous to Ewald Meal 
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Free HCl 
* 

Average 
Total Acidity 
» 

Maximal 
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Maximal 
Total Acidity 

Evacuation 
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pm 
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pm 
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pm 
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94 

90 
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90 
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0 


C. i-4 

40 

so 

62 

51 

80 

73 

96 

84 

120 
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0 

H B 

32 0 

23 

59 

42 5 

43 

40 

73 

58 

75 

75 

0 

0 

Average 

52 6 

39 6 

72 3 

59 7 

72 3 

67 6 

93 7 

77 3 

100 

108 
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5 Thiee patients with extra-abdominal conditions, who Avere 
accustomed to the tube, weie tested as to the action of continuous 
administiation of tmctmc of belladonna One c c w^as given four times 
daily foi thiee days These patients all exhibited symptoms of bella- 
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Fig 4 — Total acidity ciiives in a case showing a\crage effect of atiopin 
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Fig S Moderate i eduction of aciditj' with emptying tune unchanged 


donna action in model ate degice The results aie shown 311 Table 5 
Theie is a modciate 1 eduction of acidity m all cases A control cune 
ivith one dcmonstiating the eftect fiom such an administration of 
belladonna is shown m Figure 6 
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TABLE 5— The Effect of Repeated Administration of Tincture of 
Belladonna by Mouth to a Point of Tolerance 


Average Average Mavimal Maximal Evacuation 

Eree HCl Total Acidity Tree HCl Total Acidity Time Bi le 
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f 




t 



Con- 

Atro- 

Con 

Atro- 

Con 

Atro 

Con- 

Atro 

Con 

Atro- 

Con 

Atro- 

Case 

trol 

pm 

trol 

pm 

trol 

pm 

trol 

pin 

trol 

pm 

trol 

pm 

R B 

S41 

220 

601 

36 5 

47 

37 

72 

54 

75 

75 

0 

0 

H C 

61 6 

80 0 

76 7 

510 

SO 

47 

98 

68 

90 

105 

0 

0 

B V 

32 6 

29 4 

43 4 

407 

49 

38 

61 

48 

120 

135 

0 

0 

Average 

42 7 

271 

60 

42 4 

58 6 

40 6 

77 

56 6 

95 

105 




6 Inasmuch as the chief clinical use of an acid reducing drug lies 
in the control of acidity in ulcer management, observations were made 
on a patient while on frequent cream feeding (Ulcer management) 



F:g 6 — Control curve and curve showing effect of belladonna Arrow points 
to time after taking 1 c c tincture of belladonna four times daily for three days 


These were all made on the same patient, whose case had been diagnosed 
and was later operatively proved to be a prepyloric ulcer with moderate 
obstruction 

After the first morning feeding of 3 ounces cream, the average 
free acidity for the following two hours was 93 7 degrees Atropm 
YaQ grains dissolved in % ounce of water given through the tube and 
was followed immediately by 3 ounces cream swallowed around the 
tube The free hydrochloric acid, during the next two hour penod, 
averaged 78 3 degrees The same dose of atropm and cream was again 
given, and during the next one and one-half hours the average free 
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hydrochloric aad was 65 5 degrees, a reduction of 28 2 degrees under 
the first peiiod after cream only Aftei an inter\al of two days, 
this same patient was again observed The first period of two hours 
after cream showed an average free hydrochloiic acid, of 76 9 degrees 
three ounces cream was again given, together with %oo gram atiopin 
hypodermically, and the next two hours showed an a\ erage free hydro- 
chloric acid of 63 5 degrees Cream and atropm were again given, 
and the next two hour period showed an average of 312 degrees 
Cream only was then given and the following hour showed an aveiage 
of 87 degrees 



Fig 7 — Three eurAes of the free acid on the same patient taken on alter- 
nate daj's The first two-hour period in each instance is after taking 3 ounces 
of 10 per cent cream, the second, after taking cream and atropm, the third, 
after taking cream and atropm, and the fourth after taking cream onlj-- Arrows 
indicate the administration of 3 ounces of 10 per cent cream A, %oo gram 
atropm hypodermicallj-’, B, %o gram atropm by mouth, C, %o gram atropm 
hipodermicalb’’ 


Aftei an interval of two days the same procedure was again carried 
out, except that gram atropm was given hypodermically The 
first period of two hours after 3 ounces cream gave an average free 
hydrochlonc acid of 116 6 degrees, cream and a hypodermic of 34o 
gram atropm was then given and the following penod showed an 
a^ erage free hydrochloric acid of 641 degrees Cream and atropm 
was again given and the period following showed an average of 40 6 
degrees Cream alone was then given, and during the following one 
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and one-half hours the average was 77 7 degrees, ^et the patient 
was complaining of a very dry throat and had dilated pupils These 
curves just described are shown in Figure 7 

DISCUSSION 

From the foregoing experiments a fairly accurate and concrete 
picture is obtained of the clinical action of atropin on the stomach 
It seems evident that there is a secretory and motor depressing action 
in direct relation to the dose given, yet on the other hand, using doses 
compatible with safety it is impossible to demonstrate the marked 
action seen on lower animals This may be due to a different phar- 
mocologic action • 

In three cases the local application of %o gram atropin in 1 ounce 
of water to the fasting stomach mucosa made no marked change in the 
secretory curve after an Ewald meal, except that the high point of 
free and total acidity was slightly lowered m two cases, in which also 
the emptying time was slightly delayed This seems to prove that 
there is little or no direct local action on the mucosa, as assumed by 
Bennett and Dodds, but that the effect comes only after absorption 

In eighteen cases the effect on the secretory curve after an Ewald 
meal was noted from administration of maximal clinical doses either 
hypodermically or continuous dosage The average free acidity was 
reduced 32 per cent and the average total acidity 27 per cent In no 
case was the average free or total acidity higher with atropin than 
witout It This reduction effect seemed more pronounced in lowering 
the high point of the curve, although in two cases both the free and 
total acidity rose to a higher point after atropin than had occurred 
in the test curve 

The average emptying time was delayed ten minutes, although three 
cases showed a more rapid evacuation after atropin These cases 
occurred in the series which received a hypodermic of %o grain atropin 
an hour previous to the meal, and may have been due to greater 
relaxation of the pylorus 

CONCLUSIONS 

1 The effect of atropin on the human stomach is to depress both 
the secretion and motor action, but is much less than that observed on 
lower animals 

2 Maximal clinical dosage of atropin depresses both the free and 
total gastric acidity about 30 per cent 

3 The same dosage lessens motor movements in the human 
stomach enough to delay the evacuation time after an Ewald meal 
about ten minutes Bile is more frequently observed after atropin, 
probably due to greater relaxation of the pylorus 



THE ANEMIA OF CHRONIC NEPHRITIS 
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Anemia is commonly observed m nephritis It may be so severe 
that the question arises as to whether the anemia is the primary disease 
Various causes of the anemia of nephritis have been suggested, but 
comprehensive or conclusive studies have not been made Grawitz ^ 
maintains that decrease in the blood elements does not take place if 
cardiac efficiency is maintained He lecogmzes two groups of cases of 
chronic nephritis (1) those with efficient cardiac function and adequate 
peripheral circulation, and (2) those with deficient cardiac function and 
circulatory stasis In this latter group, either dilution or concentration 
of the blood plasma takes place If the plasma is diluted a relative or 
dilution anemia occurs Hamelin ^ has noted the association of anemia 
and uremia He emphasizes the importance of hydremia and of hemo- 
toxic substances in the blood as possible etiologic factors Ceconi ^ did 
not find decrease m resistance of the erythrocytes m nephritis ITe 
concludes that the anemia of chronic nephritis is due to the inhibiting 
efifects of urinary poisons on hematopoiesis He also observed that the 
fragility of the erythrocytes bears no specific relationship to the toxicity 
of the blood serum m nephiitis Da Costa ^ recorded the occurrence of 
a moderate decrease of hemoglobin and erythiocytes m chronic paren- 
chymatous nephritis, and says, that, exceptionally, this may become 
extreme He believes that the anemia, loss of albumin through the 
kidneys, and diseases m othei organs are related Gngnani ° believes 
that some substance which is toxic to the bone marrow is produced and 
that defective diet and hydremia play some pait iil the condition 
The material used in this study consists of 187 cases diagnosed 
chronic glomerular nephritis ° at the Mayo Clinic from July 1, 1919, 
to Aug 1, 1921, and other pathologic cases selected at random Cases 
of chionic nephritis complicated by diseases in the kidney or other 


*From the Section on Clinical Investigation, Division of Medicine, 
Mayo Clinic 

1 Grawitr, E Klinische Pathologic des Blutes, Leipzig, Thieme, 4 1011, 

1911 

2 Hamelin, A Contribution a I’etudc de I’anemie uremique Pans, 1904 

3 Ceconi, A Le Resistenze Globulari Nella Nefntc, Clin Med ital 44 15 

1905 


4 DaCosta, J C Clinical Hematology, Philadelphia, 
p 474 

5 Gngnani, R II Ricambio Emoglobinico Nei Nefntici 
Studio della Pathogenesi dell ’Anemia dei Nefntici, Arch di 
1 48, 1921 

6 Volhard and Fahr classification 


Blakiston’s, 1920, 

Contribute Alio 
path e clin raed 
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organs, such as pyelonephritis, hydronephrosis, tuberculosis, malignancy, 
and so forth, and all cases of hemorihage were excluded One hundred 
and five cases of the 187 showed anemia, which might correctly be 
designated as the anemia of chronic nephritis, and eighty-two were 
without anemia ^ 

ETIOLOGY 

Etiologically three types of anemia are recognized (1) anemia 
secondary to acute or chronic loss of blood, (2) anemia secondary to 
excessive hemolysis, and (3) anemia secondary to faulty or deficient 
hematopoesis 

Hemorihage — Probably hemorrhage may play some part in the 
cause of the anemia of acute nephritis, but in the group of cases herein 
designated as anemia of chronic nephritis all cases exhibiting macro- 
scopic loss of blood were excluded Long continued microscopic loss 
of blood in the urine and stools was investigated in order to ascertain 
its importance The blood in the urine is indicated on a basis of 1, 2, 3 
and 4 If the amount of blood in the urine is designated as Grade 4, 
blood IS present macroscopically and the case is, therefore, excluded 
from this study 

Experiments to show the appioximate amount of blood present in 
the urine daily in cases of chronic blood loss indicate that approximately 
from 0 5 to 1 5 c c of blood for each liter of urine is lost, an amount 
probably insufficient to produce anemia Examinations of stools were 
made daily for occult blood and all cases showing macroscopic blood 
were excluded The incidence of positive tests for occult blood was so 
small as to be negligible Table 1 shows the average amount of blood 
in the urine in eighty-nine cases of anemia of nephiitis, selected at 
random from the 105® In thirty-four cases (38 per cent) the urine 
did not contain blood cells It will be seen that no relationship exists 
between the microscopic amounts of blood in the urine and the anemia 

Excessive Hemolysis — A hemolytic basis of the anemia deserves 
special consideration The common occurrence of vascular injury, and 
the hemorrhagic tendency in many cases of chronic nephritis suggests 
that hemolysis may play some pait m this connection as may changes 

7 In this classification patients were designated anemic whose hemoglobin 
values were below 70 per cent on the Dare instrument and with erythrocyte’ 
counts less than 4,000,000 The values with the Dare instrument approximate 
those obtained with the Haldane-Palmer Method when the values are 70 per 
cent or lower (Fig 1) , the curves for each are practically parallel to this point 

ecause the earlier estimations of hemoglobin were made with a Dare instru- 
ment, the subsequent estimations were made on this instrument for purposes of 
comparison 

8 These calculations do not take into consideration the red blood cells 
destroyed by hemolysis 
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in the coagulative substances of the blood Leopold,” McKee, and 
Ponder “ have investigated the presence of hemolytic substances m the 
urine of human beings and have proved their existence in health and 
m various diseases This hemolytic action is not due to osmosis but 
piobably to bile acids, as Ponder has pointed out (Leopold induced 
uranium nephritis m animals and found hemolytic substances m the 
urine Otii results correspond closely to those of Leopold) 

In order to ascertain the presence of hemolytic substances m the 
mine, eighty-two patients, selected at random, coming foi examination 
during 1921, were divided into thiee groups Gioup 1, fifty-two noimal 
and nonnephritic patients Group 2, eighteen patients with chronic 
nephiitis without anemia, and Group 3, twelve patients with chronic 
nephi itis and anemia The following method was employed 

The erythrocytes washed with physiologic solution of sodium 
chlorid three times weie suspended in this solution (1 100) Six tubes 
were set up containing eiythrocyte suspension and freshly voided urine 

TABLE 1 — Blood in tiik Urine in Eighty-Nine Cases 
or Anemia or Nephritis 


Cnses 

Blood in Urine, 
Grnde 

Hemoglobin, 
Averngc per Cent 

Erj tliroeytcs, Averngc 
Count, Millions 

34 

0 

59 0 

3 01 

30 

1 

54 7 

3 31 

12 

2 

5S0 

„3C3 

4 

3 

57 0 

2 05 


in the following proportion Tube 1, 1 100 eiythrocyte suspension, 
1 c c , and urine, 0 , Tube 2, suspension, 1 c c , and urine, 1 c c , Tube 
3, suspension, 1 c c and urine, 0 75 c c , Tube 4, suspension, 1 c c , and 
mine, 05 cc , Tube 5, suspension, 1 cc and urine, 0 25 cc , Tube 6, 
suspension, 1 c c and urine, 0 1 c c 

Aftei incubation for thi ee houi s at 37 C, the tube showing complete 
hemolysis indicated roughly the amount of hemolytic substance m the 
mine 

The results in Group 1 weie positive 25 5 pei cent and negative 
74 5 pel cent , in Group 2, positive 65 per cent and negative 35 per cent , 
111 Group 3, positn e 34 per cent, and negative 66 per cent Specimens of 
urine of patients with chronic nephritis ( Group 3) were examined 
fiom day to day, during the development of the anemia Hemolysins 
did not increase m the urine These experiments indicate that hemolytic 

60 480^1906 ^ ^ Ucber die Hainob'sc bei Nephritis, Ztschr f klin Aled 

10 McKee C S On the HemoI>tic Action of the Urine in Certain Con- 
ditions, Brit aI T 2 596 1915 

Eru'jT^por' Ll, 
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substances aie present in the urine in normal and in pathologic condi- 
tions, and that in the cases of chronic nephritis without anemia they are 
present in greater amounts than m chronic nephritis with anemia The 
findings m anemia of nephritis and in normal conditions lead to the 
conclusion that these substances in the mine do not have a bearing on 
the production or maintenance of the anemia of chronic nephritis 

Hemolytic substances are rarely present in the blood serum of 
chronic nephritis Grafe and Graham,^- reported a case of chronic 
nephritis m which the blood serum intei mittently showed hemolytic 
substances Many attempts have been made to demonstrate the pres- 
ence of hemolytic substances in the blood serum in hemolytic anemia, 
but without success Noguchi showed that normal serum has anti- 
hemolytic properties toward sodium oleate Much and Holzmann,^^ 
studying the action of the fresh serum of human beings on the 
hemolysin of cobra venom, proved that the serum of patients with 
ceitain mental diseases had a marked antihemolytic action Clark and 
Evans,^^ using sodium oleate as a hemolytic agent and gumea-pig 
corpuscles, have demonstrated a definite decrease m the protective 
property of serums of patients with pernicious anemia In other cases, 
both normal and pathologic, there was a lemarkable constancy in the 
protective power of the serum In order to ascertain the status of 
serum of patients with nephritis and anemia with regard to hemolysis, 
the following technic was used 

Distilled water (from Pyrex glass flasks) was the hemolytic agent 
Racks with a double row of sixteen small Wassermann tubes were set up 
similar to the technic of Giffin and Sanford In the first tube in each 
low at the left was put 0 92 cc of 5 per cent salt solution, in the 
second tube, 0 88 c c , and so on, each tube containing 0 4 c c less of the 
salt solution than the tube to the left In the first tube was placed 0 08 
c c of redistilled watei , in the second tube 0 12 c c , and so on, each tube 
containing 0 04 c c more of redistilled water than the tube to the left 
The final dilutions were Tube 1, 0 46 per cent of salt Tube 2, 044 
per cent , Tube 3, 0 42 per cent , and Tube 16, 0 16 per cent The total 
volume in each tube was 1 cc Volumetric pipets were used in all 
measurements The salt solution was made up with extreme care every 

12 Grafe, E , and Graham, A L Untersuchungen uber Isolyse, Munchen 
med Wchnschr 58 2257, 1911 

13 Noguchi, H Ueber gewisse chemische Komplementsubstanzen, Biochem 
Ztschr 6 327. 1917 

14 Much, H , and Holzmann, W Erne Reaktion im Blute von Geistes- 
kranken, Munchen med Wchnschr 56 1001, 1909 

15 Clark, H M , and Evans, F A One Factor in the Mechanism of 
Hemoljsis m Hemolytic Anemia, Bull Johns Hopkins Hosp 31 354, 1920 

16 Giffin H Z , and Sanford, A H Clinical Observations Concerning the 
Fragihtj of Enthroci tes, J Lab 8. Qin M 4 465, 1919 



821 


BROWN-ROl II— CHRONIC NEPHRITIS ANEMIA 

SIX clays and checked against the discarded solution Pipets did not 
come 111 contact with the stock salt solution , enough foi the day’s needs 
was taken out of the bottle each day 

Blood was obtained by venipunctui e , 2 c c was placed in a test tube 
containing 2 mg potassium oxalate and 4 c c in a centiifuge tube was 
allowed to clot and then centiifuged foi fifteen minutes One-tenth of 
a cubic centimetei of the fiesh scium thus obtained was iilaced in each 
tube of the second low and the tubes weie shaken gently, 0 02 cc of 
oxalated blood was added to each tube, the tubes weie again shaken 
gently and allowed to stand two houis at loom tempeiatuie 



Fig 1 — Comparative hemoglobin values obtained with the Haldane-Palmei 
method and the Dare hcmoglobinomctcr 


The readings of beginning and complete hemolysis in the tubes of 
the first low indic.ite the fi agility range of the led blood cells to h}po- 
tonic salt solution In the tubes showing beginning hemolysis, the 
supernatant fluid shows a faint trace of the dissolved hemoglobin 
Complete hemolysis is indicated by the absence of red blood cells m the 
bottom of the tube and the cleai red tianspaient solution The tubes 
showing beginning and complete hemolysis are compared m first and 
second rows The diffcience in the pci cent of hyjiotomc salt solution 


17 If the erythrocyte 
blood used was 0 02 c c 
2.000,000, 0 04 c c 


count was 4,000,000 or more, tlie amount of oxalated 
. if from 2000,000 to 4,000,000. 0 03 cc. and if under 
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necessary to cause beginning and complete hemolysis indicates the 
degree of antihemolytic property of the serum examined In Table 2 
and in Figure 2 will be seen the average protection afforded by the blood 
serum in five types of cases normal, pathologic condition other than 
nephritis without anemia, secondary anemia, anemia of chronic 
nephritis, and chronic nephritis without anemia 

A comparison of the five groups demonstrates that the serum exerts 
definite protection against hemolysis by hypotonic salt solution for red 


I^potonic 

Balt Bolutlon, 
par cent 

0 45 
0 44 
0.43 
0.42 
0.41 
0 40 
0.39 
0 38 
0 37 
0.36 
0 35 
0.34 
0 33 
0.32 
0 31 
0 30 
0.29 
0.28 
0.27 
0.26 
0 25 
0.24 

" 0 23 

0.22 
o;;2i 
0.20 


Fig 2 — ^The average protection afforded by the blood serum against hemoly- 
sis by hypotonic salt solution in five types of cases 

blood cells This property of serum seems to be fairly constant, except 
for the anemias of the hemolytic type as has been shown by Clark and 
Evans In the anemia of chronic nephritis serum does not show definite 
decrease in antihemolytic power In two cases of uremia, a few days 
before death, the serum exhibited marked antihemolytic properties 
which increased until death In cases of chronic nephritis m which the 
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blood serum was tested daily change was not noticed during the develop- 
ment of anemia 

The results of this study would indicate that the anemia of chronic 
nephritis is not concerned with lack of protective power of the serum 
Studies of the nature of this protective property of serum would indi- 
cate that the action depended on the colloidal property of the serum 
Conditions which upset or disturbed the colloidal mechanism also pro- 
duced changes in this protective action , heating, freezing, and shaking 
of the serum produced diminution of this action After dialysis of the 
serum the dialysate and the residue both showed loss of this property 
The dialysate and the residue were evaporated to their original volume 
to maintain the original salt concentration The membrane did not 
show protective action These findings also correspond to the conclu- 
sions reached by Clark and Evans 

It has been shown by Eppinger that excessive hemolysis usually 
occurs when the bile contains abnormally large amounts of urobilin and 

TABLE 2 — Antihemolytic Property of Serum 


Tjpe 

Cases 

Average Protection 
Against Hemolysis, 
per Cent Less Salt 

Normal 

7 

0 083 

Without nephritis and anemia 

10 

0 077 

Without nephritis but nith anemia • 

9 

0 058 

Chronic nephritis with anemia 

25 

0 07 

Chronic nephritis without anemia 

24 

0 08 


* Three cases of primary anemia are included 

urobilinogen Quantitative examination of the duodenal contents, as 
utilized by Schneider m the hemolytic anemias, shows large amounts 
of urobilin and urobilinogen Giffin, Sanford, and Szlapka have 
shown that average values for urobilin and urobilinogen m hemolytic 
jaundice are 2,050 and 1,100 units, respectively In cases of pernicious 
anemia the average value for urobilin was 1856 5 and for urobilinogen 
1604 5 units Table 3 gives average values obtained in cases of anemia 
of nephritis 600 units of urobilin and absence of urobilinogen in all 
cases except one These findings correspond to those ordinarily found 
in secondary anemia 


18 Eppinger, H Zur Pathologic der Milzfunktion, Berl klin Wchnschr 
1 1509-1572-2409. 1913 


19 Schneider, J P The Hematopoietic-Hemolytic Index a Proposed 
Determination Helpful in the Differential Diagnosis of Types of Pernicious 
Anemia Amenable to Cure by Splcnectomj, Jour -Lancet 37 105 1917 

Further Quantitative Study of the Duodenal Blood Derived Pmments Arrh 
Int Med 19 156 (Feb ) 1917 ^rigmems, nrcn 


20 Giffin H Z Sanford, A H, and Szlapka, T L The Estimation of 
Urobihn and Urobilinogen in the Duodenal Contents, Am J M Sc 155 562, 
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Hemolysis occurs constantly in the body, but there is no exact 
method of determining the normal rate of hemolysis However, in the 
hemolytic anemias in which hemolysis is excessive, its recognition by 
clinical and laboratory means is usually possible Such means, as 
applied in this study, have indicated that blood is not excessively 
destroyed m the anemia of chronic nephritis 

Defective blood formation is probably the important factor in the 
cause and maintenance of the anemia of chronic nephritis This pre- 
mise IS supported by lack of evidence of abnormal blood destruction and 

TABLE 3 — Findings in Chronic Nephritis with Anemia 


Leukocjtes Duodenal 

, , Contents 

Erythrocytes Poly- Small Large t — ^ — * 


Hemo- 

, 

— « 




morpho Lympho 

Mono- 

Eosino- 

Baso 

Tiro 


globin, 


Re- 

Nu- 


nuclears, cytes. 

nuclears, 

phils, 

phils, 

bilin 

Uro 


per 

Mil 

ticu- 

de 

Num- 

per 

per 

per 

per 

per 

ogen, 

bilin, 

Cases Cent 

lions 

lated 

ated 

ber 

Cent 

Cent 

Cent 

Cent 

Cent 

Units 

Units 

A.354932 

39 

2 31 


0 

7,400 

64 5 

24 5 

10 5 

35 

05 

0 

400 

A359322 

68 

3 74 

02 

0 

7,400 

600 

30 0 

40 

35 

2 5 

200 

600 

A334085 

42 

2 69 

03 

0 

7,700 

12,000 

710 

19 0 

S 5 

30 


0 

200 

A3n812 

62 

4 05 

13 

0 

58 8 

33 5 

50 

1 5 

1 5 

0 

400 

A361797 

S3 

3 20 

02 

0 

4,530 

55 0 

387 

4 2 

10 

1 0 

0 

600 

A130794 

44 

2 62 

01 

1 cell 

8,200 

635 

29 5 

40 

25 

05 

0 

1,000 

A123990 

60 

3 43 


0 

6,800 

590 

33 0 

20 

45 

1 5 

0 

000 

A374848 

56 

3 31 

1 7 

0 

5,200 

67 5 

26 0 

40 

20 

05 

0 

SCO 

A364350 

54 

302 

03 

0 

8 400 

70 0 

23 5 

3 5 

2 5 

05 



A3S0765 

67 

366 

15 


13 800 

87 0 

11 5 


15 


0 

1,000 

^384638 

42 

2 30 

04 

0 

5 700 

80 5 

14 5 

2 5 

20 

05 

0 

600 


TABLE 4 — Blood Counts in Chronic Nephritis 


Hemo 

globin, Erythro 



per 

cytes. 

Leuko- 

Chronic nephritis 
nith anemia (105 

Cent 

Millions 

cytes 

cases) 

Chronic nephritis 
without anemia 

56 

3 31 

9,020 

(79 cases)! 

75 

4 22 

8,160 



Poly- 

Lym- 

Large 



Color 

morpho 

pho 

Mono 

Eosino- 

Baso 

Index, 

nudear 

cytes. 

nuclear 

phils, 

phils, 

per 

Laikocytes, 

per Leukocytes, per 

per 

Cent 

per Cent 

Cent 

per Cent 

Cent 

Cent 

0 8-4- 

69 1* 

23 6 

48 

19 

03 

? 

63 6* 

26 5 

63 

34 

04 


* biflerential counts are the ayerage of thirty tour cases 
f In three cases blood counts irere not recorded 


by the fact that the blood picture of anemia of chronic nephritis corre- 
sponds to that of simple chronic anemia 

The erythrocytes of stained smears of the blood in cases of anemia 
of nephritis usually are moderately reduced m size, marked variation 
in the size is rarely noted Poikilocytosis is rare, and achromia is usually 
mild The incidence of reticulated red blood cells and of poly- 
chromatophilia is markedly low Table 3 gives the average blood 
findings in eleven cases of the 105 in which the anemia of nephritis 
was severe The low percentage of nucleated red cells and reticulated 
cells points to lack of action or sluggish action of regeneration by the 
bone marrow Table 4 gives the average blood findings ox two groups 
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of cases, 105 of chronic nephritis with anemia and seventy-nine without 
anemia The average hemoglobin m the group with anemia was 56 per 
cent , which corresponds closely to the finding of DaCosta No essential 
dififeience was noted in the leukocyte count m the two groups In 
patients with anemia the pei cent of polyinoi phonuclear leukocytes 
averaged 5 6 higher and the lymphocytes 2 8 lower than m patients 
without anemia 

The platelet count m eight cases of chronic nephritis with severe 
anemia aveiaged 152,000, a condition which may have some bearing 
on the hemorrhagic tendency m some of the more severe cases of 
chronic nephritis with anemia 

As will be shown, the late of development of the anemia, its lack of 
lesponse to theiapeutic measuies, transfusion, aisenic, and iron, bear 
out this conclusion of defective hematopoiesis When the anemia has 
been maintained foi a considerable peiiod, the bone manow seems to 
establish a constant low threshold of activity for the individual In 
this gioup of anemias of nephritis, cases weie studied m which the bone 
manow functioned fairly satisfactoiily at from 40 to 50 per cent of 
Its normal activity level Benzene produces a somewhat similar type 
of anemia Minot desciibed a case observed for three years, in which 
a satisfactory functioning level foi the bone mairow was maintained at 
80 per cent of normal In the more severe types of nephiitic anemia, 
some of the features of an aplastic type aie more in evidence, that is, 
absolute lack of response to treatment, and complete absence of imma- 
ture and regenerative types of red cells This gioup can be designated 
as secondary aplastic anemias of chronic nephritis 

INADEQUATE HEMATOPOIESIS 

It IS obviously impossible in this paper to attempt to leview the 
causes of defective formation of blood, for the great majority of 
anemias are concerned with defective blood formation The anemias of 
malignant disease, chi onic sepsis, and other chronic pathologic processes 
concern the hematopoietic system directly , little is known regarding the 
mechanism involved The bone marrow suffers m certain metabolic 
diseases, such as myxedema, in which the blood picture is often 
extremely confusing Poor hygienic condition is the cause of mild 
anemia, although the pallor of the skin in this type may not indicate an 
actual decrease of blood elements 

In any chionic disease in which alteration of the blood picture is so 
common as m chronic nephritis, the question of defective diet deserves 
consideration Patients with this disease often have been underfed 

21 Mmot, G R Clinical Discussion of the Anemias, Oxford Med 2 589 
1920 



826 


ARCHIVES OF INTERNAL MEDICINE 


qualitatively and quantitatively for long peiiods The chronic loss of 
albumin through the urine constitutes a loss of nitiogen to the organism, 
and Its possible bearing on the production of anemia has been suggested 
The retention of water in the blood and tissue have been made the 
explanation for the anemia of chronic nephritis Not sufficient evidence 
is available to prove that hydremia or loss of albumin can cause a 
definite anemia 

The presence of a toxin or toxic agent in chronic nephritis has been 
assumed in order to explain the multiple tissue injury As to whether 
this toxin is a known substance, and as the result of the renal damage 
appeals in the blood in amounts sufficiently increased to cause injury to 
the bone marrow has never been proved The possibility that this 
unknown agent, a hypothetic toxin, damages the bone marrow con- 
comitantly with other vascular tissue must be considered 

Defective Diet — The majority of cases of chronic nephritis are 
recognized, and m lieu of more specific treatment a dietary regime is 
instituted involving considerable restrictions The following warrant 
consideration relative to blood changes (1) the effects of fasting, 
(2) a prolonged low caloric diet, and (3) a prolonged low protein diet 
A large volume of clinical and experimental evidence is available to help 
decide this question of the results of defective diet on the blood 
Heidenham,^^ Panum and Voit have shown that loss of body weight 
and decrease of blood m fasting animals are proportional, normal values 
thus being maintained for hemoglobin and erythrocytes Ash has 
shown that, in general, the blood is distinctly resistant to the effects of 
inanition Complete abstinence from food for long periods, at least 
thirty-one days, does not cause deleterious effects on the blood There 
is slight actual loss of hemoglobin, more marked during the second ten 
days Fasting does not cause any striking loss of hemoglobin and 
erythrocytes from the blood 

Blood changes in low diets have been studied by von Hosslin 
The studies of Benedict and his collaborators revealed slight changes 

22 Heidenhain, R P H Disquisjtiones Criticae et Experimentales de 
Sanguinis Quantitate in Mammahum Corpore Exstantis Halis, Gebauerio- 
Schwetschkianis, 1857 Quoted by Grawitz 

23 Panum, P L Experimentelle Untersuchungen uber die Veranderungen 
der Mengenverhaltnisse des Elutes und seiner Bestandtheile durch die Inani- 
tion, Arch f path Anat u Physiol 29 241, 1864 

24 Volt, C Ueber die Verschiedenheit der Eiweisszersetzung beim Hungern, 
Ztschr f Biol 2 307 1866 Voit, C Gewichte der Organe eines wohlgenahrten 
und eines hungernden Hundes, Ztschr f Biol 12 510, 1893 

25 Ash, J E The Blood in Inanition, Arch Int Med 14 8 (July) 1914 

26 von Hosslin, H Ueber den Einfluss ungenugender Ernahrung auf die 
Beschaffenheit des Blutes, Munchen med Wchnschr 37 654-673, 1890 

27 Benedict, F G , Miles, W R , Roth, P , and Smith, H M Human 
Vitality and Efficiency under Prolonged Restricted Diet, Washington, Carnegie 
Inst Pub No 280, p 701, 1919 
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in blood findings after underfeeding Minot studied the blood of two 
groups of men, A and B, receiving diets containing approximately 35 
and 50 per cent of normal caloric requirements (Squad A had under- 
gone a previous 10 per cent loss in weight) Hemoglobin decreased 
slightly m both groups, foui points in the former and slightly less m the 
latter Minot concluded that further continuance of the experiments 
would not have produced further changes 

Von Hosshn has also studied the effects of low protein diet One 
dog received an “albumin poor” diet and another of similar weight and 
age, received an exclusive albumin diet The former showed a slight 
decrease of erythrocytes and hemoglobin after seven months Chitten- 
den’s experiments on healthy men with low protein diets (averaging 
from 45 to 53 gm of protein) for periods averaging five months, 
showed a slight inciease of erythrocytes and no change in hemoglobin 
or leukocytes Von Hosshn concluded that m qualitatively deficient 
diets diminished iron content is responsible for the slight changes m the 
hemoglobin Anemia has been noted in infants following the exclusive 
use of milk diets and Hausermann has reported an analogous case m 
a young man, aged 18, who had always lived exclusively on milk 
Erythrocyte counts were normal, but the hemoglobin had been reduced 
to 60 per cent (Gowers’ instrument) 

Vinson’s observations on anemia m hysterical dysphagia are of great 
interest In these cases marked decreases m hemoglobin are found with 
no change m the number of erythrocytes The recovery of hemoglobin 
to normal after resumption of vegetable and fruit diet is striking The 
low color index and rapid recovery on a diet of fresh foods suggest 
some disturbance in the metabolism of iron 

As an effect of defective diets, hemoglobin is reduced only slightly, 
and even more equivocal changes occur in the erythrocytes It must be 
kept in mind, however, that these experiments were made on healthy 
animals and robust men, diet may have a different action m the pres- 
ence of disease or the effects of diet on the bone marrow may be 
modified or accentuated by disease This cannot be ascertained since 
it IS impossible to assign to each the exact part played in the production 
of anemia 

Hooper and Whipple®'’ have shown that m the “simple anemia” 
(secondary to hemorrhage) of dogs the blood regeneration is more 

28 Chittenden, R H Physiological Economy in Nutrition New York 
F A Stokes Co , 1905, p 478 

29 Hausermann, E Die Assimilation des Eisens, Ztschr f phvsiol Chem 
23 555, 1897 

30 Hooper, C W . and Whipple, G H Blood Regeneration After Simole 
Anemia, Am J Physiol 45 573, 1918 
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rapid when carbohydrate diets are given There is no reason to assume 
that such IS the case in chronic nephritis The deficiency of calories m 
low protein diets is made up by marked increase in carbohydrates Our 
loutine diet for nephritic patients of 1,500 calories and 40 gm protein 
contains approximately 1,100 calories of carbohydrates On the basis 
of Hooper and Whipple’s observations in the blood regeneration after 
hemorihage, this diet should favor rather than retard recovery in anemia 
of nephritis The recovery response m the anemia of nephritis has an 
apparently different basis, as will be shown later 

In order to ascertain the effect of diet in the production and main- 
tenance of anemia in chronic nephritis, twenty patients were selected 
at random from those referred to our service during 1921 , ten with 
hypertension of more severe grades without renal insufficiency, and 
ten with chronic glomerular nephritis The diet of the twenty patients 
averaged 1,500 calories and contained 40 gm piotein As far as 
possible, the time element was the same in both groups, average time 
in the hospital was more than thirty days, and before admission both 
groups had been almost entirely restricted in calories and protein for 
from six months to one year For a basis of comparison as far as 
dietetic restrictions were concerned, the conditions were fairly com- 
paiable in the two groups In the cases of hypertension without renal 
insufficiency blood counts below 4,000,000 and hemoglobin less than 70 
per cent were found in three cases, explained by severe epistaxis and 
tonsillectomy three weeks previously In the third case the cause of 
the anemia was not found In the cases of nephritis anemia was found 
in eight, explanation of which will be given later It would seem that 
there is insufficient evidence to ascribe the anemia of chronic nephritis 
to any definite metabolic effect of faulty diet We have no evidence, 
either experimental or clinical, to show that after anemia is established 
in chronic nephritis deficient diet markedly influences the late of forma- 
tion of blood This assumption is more logical than the assumption 
that diet per se can cause definite anemia 

Estimations of the basal metabolic rates were made m ten patients 
with chronic nephritis and anemia The rates of all except one were 
within the limits of normal 15 and — 15 per cent The basal 
metabolic rate of one patient with chronic nephritis and marked anemia 
was -[-18 per cent 

Loss of Albumin Through the Ufme — Prolonged loss of albumin 
through the urine in chronic nephritis has been noted as a possible agent 
in the cause of anemia of nephritis Dieballa maintained that rarely is 
sufficient nitrogen lost m this manner to cause a negative nitrogen 
balance If present, this negative balance is easily corrected by an 
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mcrc&sc of protein diet Dieb&lls. snd von ICetly ^ observed 3. protein 
loss of 24 gm thiough the urine Epstein reported a case in which 
the loss of protein through the urine averaged from 18 5 to 26 2 gm 
He says that excessive amounts of albumin m the urine for long periods 
undoubtedly have a marked effect on the body proteins, which would 
be more pionounced if combined with a low protein diet The effects 
noted, however, have been decrease of serum albumin and increase of 
water in the blood Epstein believes that this depletion of albumin of 
the blood explains edema in certain types of nephropathies Evidence 
has not been piesented, however, that excessive loss of albumin through 
the mine can cause anemia 

In Older to determine whether or not the blood of patients with 
marked albuminuria shows anemia, twenty-four cases weie studied, 
including cases of orthostatic albuminuria, chronic nephrosis, passive 
congestion with albuminuria, and focal nephritis All cases in which 
there were complicating factors, such as loss of blood or chronic infec- 
tion, were excluded In Table 5 are shown the hemoglobin percentages, 

TABLE 5 — Relation of Loss of Albumin in the Urine to 
Hemoglobin and Erythrocytes 


Cases With 3Iarked 
Albuminuria 

Number 

Approximate Daily 
Loss of Albumin 
in Urine, Gm 

Hemoglobin, 
per Cent 

Erythrocytes, 

Millions 

Focal nephritis 

10 

77 

76 9 

4 47 

Orthostatic albuminuria 

5 

75 

70 4 

415 

Chronic passive congestion 

5 

65 

81 0 

4 82 

Nephrosis 

4 

90 

72 0 

4 45 


erythrocyte counts, and approximate loss of albumin thiough the uiine 
The diets in these groups were fairly constant, averaging from 40 to 50 
gm protein The nitrogen balances were not determined Previous to 
hospitalization the food intake had been variable In several, the 
protein had been extremely low In these cases a decrease m hemoglobin 
or erythrocytes was not shown It seems reasonable to assume that 
albumin loss per se has no bearing on anemia m chronic nephritis 

Hydiemm and Plefhoja — Giawitz says that with circulatory stasis 
in chronic interstitial nephritis, the water content of blood increases or 
decreases If blood is diluted, low values for hemoglobin and ery- 
throcytes are found Hammerschlag,^® contraiy, asserts that 

rarely is hydremia found in chionic interstitial nephritis and that m 

31 Dieballa, G , and von Ketly, L Ueber die Wecliselbeziehung von 
Albummune, Hydramie und Hydrops bei Bnghtekern, Deutsch Arch f khn 
Med 61 76, 1898 

32 Epstein, A A Concerning the Causation of Edema in Chronic 
Parenchymatous Nephritis Method for Its Alleviation, Am J M Sc 154 638 
1917 

33 Hammerschlag, A Ueber Hydramie Ztschr f klm Med 21 47=; 1892 
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the parenchymatous types, fluctuations in the specific gravity of the 
blood were extremely variable, changes being noted during increasing 
or decreasing edema Krehl says that hydremia is present in neph- 
ritis Von Norden is not convinced that such is the case Labbe and 
Salomon®® cite a case of severe anemia in which the erythrocytes 
increased from 500,000 to 2,542,000 coincidently as peripheial edema 
disappeared They conclude that hydremia can produce severe anemia 
and may be the cause of certain cases of so-called primary anemia 
Mosenthal says that hydremia actually exists in every case of renal 
edema and that albumin of the blood diminishes and specific gravity 
decreases 

Obviously unanimity of opinion does not exist legarding the exist- 
ence of hydremia in chronic nephritis, and the role of so-called dilution 
anemia 

In certain types of nephritis serum albumin is relatively decreased 
Epstein has emphasized this point in nephrosis He believes the 
excessive loss of albumin through the urine is directly responsible for 
impoverishment of this colloid Hammerschlag partly agrees with 
Epstein Butterfield®® and his associates have shown that the dry 
residue and protein contents of the serum of chronic nephritis nith 
edema are definitely decreased, averaging 2 27 per cent less than 
normal Widal, Benard and Vaucher,®® using the refractometnc 
method, find in nephritis with edema, albumin of the blood to be 
diminished m proportion to the peiipheral edema In azotemic patients, 
h3'dremia was not found unless retention of chlonds was demonstrable 
in the blood Thus, it seems fairly certain that there has been shown 
a relative decrease in serum albumin in chronic nephritis occurring 
more commonly in the group with edema If blood volume were con- 
stant, It would be necessary to assume that this is replaced by water 
There is no basis, however, for assuming that differences of 2, 4, or 
even 6 per cent in water content of the serum can produce anemia, if 
blood volume is not increased Slight fluctuations in hemoglobin and 
erythrocytes would reflect this slight dilution To assume the produc- 

34 Krehl, L The Principles of Clinical Pathology, Philadelphia, J B 
Lippmcott & Co, 1905, p 156 

35 von Noorden, K H Metabolism and Practical Medicine Chicago, 
W T Keener Co , 2 13, 1907 

36 Labbe, M , and Salomon Anemie pernicieuse progressive et nephrite 
chronique, Bull et mem Soc med d hop de Par , 21 83, 1904 

37 Mosenthal, H O Renal Edema, Biochem Bull 1 320, 1911 

38 Butterfield, E E , Erdwurm, F , and Braddock, W H The Differentia- 
tion of Nephropathies, Cardiopathies and Allied Conditions, Am J M Sc 
151 63 1916 

39 Widal, F , Benard, R, and Vaucher, E L’hydremie chez les bright'ques 
et les cardiaques oedemateux, son etude a I’aide de la methode refractometrique, 
comparaison de ses variations a celles du poids, Semaine med 31 49, 1911 
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tion of a definite anemia, plethora must be present Data regarding 
blood \olume m edema are rather meager, howevei, there are sufficient 
to indicate that probably blood volume is not greater in chronic nephritis 
with edema Keith, Rowntree and Geraghty,^® using their dye method, 
found that following a loss in weight of 11 kg (edema fluid) m a case 
of chronic nephritis with marked edema, plasma volume did not change 
After a loss m weight of 14 kg (edema fluid) in a patient with cardiac 
disease, the total plasma volume was relatively higher Bock,'^^ using 
the same method, found, in three cases of edema, that the relation of 
plasma volume to body weight was undistuibed, plasma volume was 
unchanged after loss m weight of 13 5 kg (edema fluid) In our studies 
of hydremia and its relation to the anemia of chionic nephritis, it was 
concluded that the blood volume shows no constant increase, that is, 
plethora is not present On this basis we are justified in assuming 
that the possible increase in water content of the blood is not sufficient 
to produce a so-called relative anemia (We prefer to delay final 
judgment until these studies are completed ) For the present we are 


TABLE 6 — Edema in One Hundred Cvses of Anemia or Nephritis 


Edema 

Present, per Cent 

Absent, per Cent 

Trace 

22 

78 

Moderate 

11 

89 

Marked 

8 

97 


convinced that hydremia is incapable of producing anemia of chronic 
nephritis to the degiee observed in this study 

The incidence of anemia and edema is shown m Table 6 Maiked 
edema was present m 3 pei cent of the cases of anemia 

Hemogenehc Toxin — In studying the presence of a hemogenetic 
toxin as a factor in the production of anemia of nephritis the following 
points are considered Is this toxin one of the normal metabolic 
products retained in the blood m excessive amounts, or is it an unknown 
toxic agent directly responsible foi the renal injury^ 

Each of the nitrogenous constituents of the blood classed as non- 
protem has been tested for toxicity experimentally and clinically Ui ea 
IS mildly toxic, as has been shown by Hewlett and his associates, 
producing symptoms of toxemia only if the concentration rises to 160 

40 Keith, N M , Rowntree, L G , and Geraghty, J T A Method for the 
Determination of Plasma and Blood Volume, Arch Int Med 16 547, 1915 

41 Bock, A V The Constancy of the Volume of the Blood Plasma Arch 
Int Med 27 83 (Jan ) 1921 

42 A comprehensive study is being earned out relative to hydremia and 
will he included in a separate report 

43 Hewlett, A W , Gilbert, Q O , and Wickett, A D The Toxic Effects 
of Urea on Normal Individuals, Arch Int Med 18 636, 1916 
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or 245 mg for each 100 c c of blood Rowntree’s similar experiments 
have shown that toxic symptoms can be produced when the urea 
nitrogen of the blood exceeds 30 mg As Wells has noted, however, 
the effect produced by high concentration of urea in the blood for 
compai atively short periods is entiiely different from that caused by 
high concentration for days and weeks Evidence is not available from 
many studies of the toxicity of urea that indicates that this substance in 
the blood in excessive amounts can cause anemia The other nonprotein 
nitrogenous constituents have been investigated as to toxicity in relation 
to uremia and to hematopoiesis 

Clinical observations have thrown considerable light on the relation- 
ship between increased concentration of certain fractions of the 
nonprotein nitrogen in the blood and anemia This relationship was 
analyzed in a series of cases of anemia of nephritis and found to be 
fairly close (Table 7) Anemia was present in 90 per cent of the cases 
of chronic glomerular nephritis, in which blood uiea exceeded 50 mg 
for each 100 c c and in which blood cieatinm exceeded 2 mg for each 
100 c c 

TABLE 7 — Rclation of Blood Urea, Blood Creatinin, and Neuroretinitis 
TO Anemia of Chronic Nephritis 




Anemia Present 

Anemia Absent 

. JL 

Number 


*^00368 

Per Cent 

' Oases 

Per Cent 

105 

Blood urea more than 50 mg (retention) 

94 

90 

11 

10 

59 

Blood creatinin more than 2 mg (retention) 

56 

94 

3 

6 

41 

Neuroretinitis (retention) 

S7 

90 

4 

10 

79 

Blood urea normal (nonretention) 

8 

10 

71 

90 


It would seem that some close paiallel exists between the retention 
of urea and creatinin and the anemia of nephritis However, if injury 
to the bone marrow is caused in this manner, increased concentration of 
urea or creatinin would be present in every case of anemia of nephritis 
and the development of anemia would always be preceded by augmented 
values for these substances in the blood Data presented m Table 8 
indicate that these conditions are not fulfilled In this case, renal 
insufficiency manifested itself by marked retinal injury, diminution of 
renal function, and elevated blood pressure, urea or creatinin, did not 
increase and the anemia developed after a lapse of time, as has been 
noted in all cases observed The renal damage did not produce 
augmented amounts of nitrogen in the blood, but casts, erythrocytes 
and increased amount of albumin appeared in the urine The bone 

'i 

44 Rowntree, L G Uremia, Etiologj, Types and Diagnosis, J Iowa State 
M Soc 7 1, 1917 

45 Wells, H G Chemical Pathology, Philadelphia, W B Saunders Co , 
1918 
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mairow was injured, howevei, as shown by the definite decrease in 
hemoglobin and eiythrocytes Theie was also an increase of peripheral 
edema The same sequence of events was observed in a similar case 
Appaiently, then, elevated urea and creatinm values aie not essential 
to the cause of anemia of nephiitis Other nitrogenous constituents of 
the blood have been paitially investigated Retention of uric acid 
showed no constancy in its relation to anemia The estimations of the 
ammonia nitiogen fiaction have been unsatisfactory Foster reported 
an increase in the ammonia mtiogen up to 2 2 mg for each 100 cc 
m the blood of half of his uiemic patients Our work has shown no 
such increase in patients with chronic nephritis and anemia Estimation 
of amino-mtrogen of the blood m several cases of anemia of chronic 
nephiitis showed no constant increase, the unidentified portion or rest 
nitrogen was not increased Bock repoits inci eased ammo-nitrogen in 
the blood in cases of nephritis and m other conditions, hyperthyroidism 
and ciiihosis of the liver 

Further woik is necessary before any conclusion can be reached 
with legard to the hemotoxic role of the ammonia fraction Wells was 
of the opinion that the anemia of nephritis may be due to the hemolytic 
action of retained products of metabolism, m which the ammonium 
compounds are important. This study would seem to show, howevei, 
that if the ammonium compounds are concerned in the production of 
this anemia, the mechanism of hemolysis is not acting 

Investigations of the inorganic bases in the blood of patients with 
chronic nephritis did not leveal parallel changes m the sodium, potas- 
sium, magnesium and calcium contents Phosphorus was increased in 
cases of uiemia with acidosis, as has been shown by Marriott and How- 
land,^® and Denis and Minot 

Relationship was not observed between anemia and either chloiids 
or carbon dioxid combining power of the plasma 

Unknown Toxic Agent — A study of the development of anemia in 
chronic nephritis suggests an unknown agent as the cause of the anemia 
The clinical course of the disease is extremely variable and confusing 
As cases aie more closely observed and more intensely studied, certain 
features of the disease stand out In many cases of chronic glomeiular 
nephritis, two phases of the disease aie noted (1) latent or compen- 


III The Nonprotcm Nitrogen of Blood, Arch 


46 Foster, N B Uremia 
Int Med 15 356 (April) 1915 

47 Unpublished work of McVicker, Ross and Barrio 

48 Marriott, W McK , and Howland, J Phosphate Retention as a Factor 
in the Production of Acidosis in Nephritis, Arch Int Med 18 708, 1916 

49 Denis, W, and Minot, AS A Study of Phosphate Retention from the 
Standpoint of Blood Analysis, Arch Int Med 26 99 (July) 1921 
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sated periods, and (2) active or decompensated periods During a 
compensated period, renal function is deficient in some respects, but 
adequate for the individual to "carry on ” Moderate disturbance of 
various kidney functions occur Concentration and excretion of water 
may show impairment The presence of albumin and casts in the urine 
reveal structural damage Renal function is usually deci eased and 
blood pressure inci eased The retina and heart may show definite 
injury Patients m this stage of the disease may or may not have 
anemia Anemia was not present in eight cases studied during the 
period of renal break Following the effect or toxic action of some 
unknown substance, which, in many cases is undoubtedly infectious in 
origin, the decompensation period supervenes Further impairment of 
renal function is shown by appearance of casts, erythrocytes and 
increased amounts of albumin in the urine, decreased phenolsulphoneph- 
thalein excretion, and augmented amounts of nitrogen in the blood 

Retinal, cardiac, and vascular injuries are usually revealed by the 
clinical investigation If, in this phase of the disease, the blood counts 
and hemoglobin estimations are repeated frequently, it will be found 
that after a certain period definite decreases are noted In the cases 
studied, the length of this period was variable but averaged from four 
to SIX weeks The degree of this decrease in hemoglobin and erythro- 
cytes seems to depend largely on the severity of the toxic action In 
several cases the anemia and renal insufficiency were not progressive 
or severe The values for nitrogen of the blood dropped rather quickly 
and increased values for phenolsulphonephthalein excretion were 
observed within a short time In the cases in which injury was more 
severe and renal insufficiency progressive, the hemoglobin and erythro- 
C3i;es were similarly affected (Fig 3) 

The latency in the development of the anemia can be explained on 
the basis of its bone marrow origin The circulating erythrocytes are 
not destroyed Excessive hemolysis is not present The normal 
replacement of erythrocytes is slower after injury to the bone marrow 
As the circulating cells die and replacement is slow, a lapse of time is 
natural before anemia is evident 

As the life of erythrocytes has been given by different workers to 
be from ten to thirty days, the time of appearance of the anemia would 
necessarily fall within this period Ashby’s®” work would seem to 
indicate that the transfused cells live for longer periods Probably the 
time necessary for the appearance of the anemia would depend to a 
large degree on the severity of injury to the bone marrow 

50 Ashb}', W Stud}' of Transfused Blood I The Periodicity in Elimina- 
tive Activity Shown by the Organism, J Exper M 34 127, 1921 
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The recovery of the hemopoietic function is not parallel to recovery 
of renal function In the case charted in Figure 4 it will be noted that 
values for ur^a and creatmm, high during the period of renal insuf- 
ficiency, had returned to normal before the anemia was evident Two 
months later, blood values had not yet returned to their previous level 
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Fig 4 (Case A 297046) — Blood findings during and following a period of 
renal insufficiency Urea and creatmm returned to normal before anemia was 
evident 

In Figure 5 it will be seen that anemia developed following the renal 
break A year later, hemoglobin and erythrocytes had not returned 
to normal At this time the patient presented the picture of chronic 
nephritis of the compensated or latent period It would be expected 
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that the next period of renal insufficiency would lower the hemoglobin 
and erythiocytes still farther If the patient survived several renal 
breaks anemia would become more severe, reaching a degree often seen 
111 severe chronic nephritis In two cases recently studied, the bone 
marrow exhibited marked iiritation, as shown by sharp increase in 
reticulated cells, accompanied by sharp recovery of the hemoglobin and 
erythrocyte values These recoveries took place without parallel 
improvement of renal function In one case, 7 per cent reticulated 
red cells were found during this period of improvement We have no 



Fig 5 (Case A 166657) — Blood finding's during and after a renal break 
Hemoglobin and erythrocyte values had not returned to normal one year later 


explanation of the cause of these sharp remissions in the anemia of 
chronic nephritis They are exceptional The recovery on the part of 
the bone marrow in the usual case is extremely gradual, or lacking. 
A clear cut case has not been observed which would show that the 
bone marrow has escaped injury following a phase of renal insufficiency 
Several cases were observed during hospitalization for a period of 
three to four weeks following the onset of renal break Subsequent 
inquiry regarding the progress of the case brought out the fact that 
the patient became pale and anemic as would be expected, according 
to clinical and laboratory findings 
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The close relationship between elevated values for blood creatinin 
and anemia has a practical significance In Table 9 are tabulated twenty 
cases of chronic nephritis in which creatinin values of 5 mg and over, 
for each 100 c c were present In all cases, anemia was present The 


TABLE 8 — Case A 183454, Chronic Glomerular Nephritis, Evidence of 
Renal Retinal, and Bone-Marrow Injury 


Blood Phenol- 

Blood Great sulphone Hemo- 



Urea, 

mm, 

phthal- 




glohin, Erythro 



per 

per 

ein, per 
Cent 

Blood 



per 

cytes, 


Date 

Gent 

Cent 

Pressure 

Pundi 

Edema 

Cent 

Millions 

Remarks 

3/14/19 

18 


45 

180/125 

Negative 

Trace 

81 


General condi- 
tion good 

1/ 8/20 

42 


45 


Negative 


85 

5 04 

7/14/20 

68 

16 


170/110 

Negative 

Moderate 

75 

5 24 

Period of renal 










compensation 

8/24/20 

14 


45 



Trace 

84 

500 


10/28/20 

30 

189 

40 

160/105 

One small 
hemorrhage 


75 

4 56 


11/26/20 

25 

14 

45 

164/118 



80 

516 


12/29/20 

42 


45 




81 



2/23/21 

29 

135 








4/29/21 

55 

158 








12/ 5/21 

37 

18 

15 

220/150 

Fvudnte and 

Moder- 

72 

412 

Mild nasopharn 

12/14/21 




hemorrhage 

ate 



geal infection 

33 

21 

15 

180/130 


Moderate 



followed by 

12/21/21 

SO 

19 

20 

234/140 



70 

396 

“renal break” 

12/23/21 

SO 

10 

20 

Macular star 





1/ 2/22 

30 

18 



Macular star 

Trace 




1/20/22 

40 

16 

25 

168/118 

Right pro- 

Trace 

67 

360 



gressive cliange 


TABLE 9 — Creatinin Retention in Twenty Cases of Chronic 

Glomerular Nephritis 


Creatinin Mg for Hemoglohm, Erythrocytes, 
Each 100 C c per Gent Millions 

— ^ _ - A— _ _ - A. 


Case 

Low 

High 

High 

Low 

' High 

Low 

Remarks 

A374848 

44 

72 

59 

55 

3 31 

3 00 

Death four months later 

A367422 

8 35 

10 4 


40 


264 

Death ten days later 

AS54932 

5 1 

75 


35 


165 

Death eight months later 

A359322 

3 3 

70 

70 

67 

406 

363 

Death three months later 

AS59944 

171 

181 

37 

36 

190 

183 

Death six days later 

Ayh’07f)t> 

33 

98 

67 

67 

368 

3 66 

Death one month later 

A379161 

15 0 

16 0 


56 


3 38 

Death ten days later 

A312332 


60 


57 


318 

Still living 

A311764 

90 

90 

38 

38 

2 60 

214 

Death one month later 

A339309 


50 


55 


3 08 

Death one month later 

A343930 

42 

12 5 

50 

48 

3 64 

827 

Death six months later 

A334085 

68 

114 

42 

37 

281 

2 34 

Still living 

A363227 


10 0 


45 


2 46 

Death four months later 

A153126 


85 


25 


2 01 

Death six months later 

A342192 

49 

60 


54 


3 32 

Death lire months later 

A323556 

7 5 

93 

29 

28 

1 94 

166 

Death 

A316S17 


60 


46 


2 73 

Death four months later 

A204193 

25 

50 

65 

54 

4 60 

3 25 

Death ten months later 

A342192 

4 9 

72 

74 

54 

4 80 

3 32 

Death four months later 

AS53465 

19 0 

22 6 

29 

27 

184 

1 50 

Death fourteen days later 


Average creatinin, 8 8 mg for each 100 c c , average hemoglohm, 48 5 per cent , average 
erythrocytes, 2,950,000 


average hemoglobin values and red cell counts are given As will be 
noted, reports were obtained in nineteen cases in which death followed 
within a period of eighteen months Anemia in chronic nephritis of 
the group, such as we have defined, has then, a definite prognostic 
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value, approximately that of creatinm letention, when values for 
hemoglobin and erythrocytes appioximate the aveiages given m Table 
8 A largei gioup of cases aie m comse of investigation with the 
object of establishing piognostic values for anemia of chronic nephiitis 


SUMMARY 

The anemia of uncomplicated chionic nephiitis was studied fiom 
several standpoints Cases weie not included in which blood loss had 
occurred Hemolysis could not be demonstiated as a cause of this type 
of anemia The conclusion is i cached that this anemia is due to 
decreased function of the bone maiiow Qualitatively oi quantitatively 
defectne diets and loss of albumin through the urine aie not impoitant 
etiologic factors The role of hydremia is not clear Evidence is 
presented that hydremia is not a factoi in the production of anemia m 
this series of cases The relationship of vaiious constituents of the 
blood to the anemia of chionic nephritis was studied, constancy of 
relation was not found A close parallelism was found between anemia 
and augmented urea and creatinm values, although etiologic i elationship 
could not be established Neuroretimtis and anemia of chronic neph- 
ritis also were found to be closely related In a group of cases studied 
during the development of renal insufficiency, anemia developed foui to 
SIX weeks after the onset of the renal injuiy The tardiness of the 
anemia is explained on the basis of deci eased formation of erythrocytes 
The recovery of bone maiiow function was studied and it was found 
that as a lule, recovery is slow, depending to a large extent on the 
seventy of the injury Aftei lepeated injuiies^ to the bone marrow, 
anemia becomes more seveie and takes on ceitam characteiistics of a 
hypoplastic or aplastic type of anemia The injuiy to the bone marrow 
concerns only its erythi ogenetic function Leukocytogenesis is not 
involved 

This conception of the causation of nephritic anemia throws addi- 
tional light on this disease Chronic nephritis should be viewed from 
the standpoint of a constitutional disease Renal injury is only one 
phase of this widespread toxic damage The retinal, cardiac and 
vascular tissues, and hematopoietic system aie also defimtely injured 
All of these tissues may be involved m the toxic process, or one or 
more may escape This study of anemia of nephritis would seem to 
indicate that the bone marrow participates almost invarjably m this 
toxic process Exceptions to this phenomenon have not been found 
Possibly further study may modify this conception The close parallel- 


51 Atchley, D W A 
Med 22 370 (Sept ) 1918 
acute glomerular nephritis 


Study of Eight Cases of Acute Nephritis, Arch Int 
Atchley has suggested a similar explanation of 
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ism between urea and creatinm retentions and the anemia of chronic 
nephritis can be explained from the fact that the majority of patients 
seen in the hospital are in the stage of renal insufficiency If these 
patients were examined later, nitrogen values within normal limits 
would be found, but the anemia would still be present (Fig 5) In 
other words, it would depend on whether this comparison of nitrogen 
retention and anemia was made in the compensated or decompensated 
stage of the disease 

This study has not thrown additional light on the cause of the 
production of this widespread constitutional injury In several cases, 
however, the period of renal insufficiency, the active phase, directly 
followed infections of the nasopharynx 

The prognostic value of anemia m chronic nephritis seems to be 
definitely shown 

CONCLUSIONS 

1 Evidence is presented to show that the anemia of uncomplicated 
chronic nephritis develops in the absence of blood loss, and this anemia 
IS not due to excessive hemolysis 

2 Proof IS not at hand to indicate that this type of anemia is due 
to increased concentration m the blood of any known nitrogenous 
substance 

3 Evidence is presented which indicates that the bone marrow 
suffers damage concomitantly with renal, retinal and cardiac tissues 

4 Chronic nephritis is a constitutional disease , accumulating 
evidence points to primary vascular injury of widespread distribution, 
lenal, cardiac, and retinal tissues and the bone marrow tissues reveal 
secondary effects of vascular disease 

5 The unknown agent causing renal insufficiency is probably the 
etiologic factor m the disturbance of hematopoiesis, in other words, 
a common cause is present 

6 The anemia of chronic nephritis, if present to the degree indi- 
cated, has a prognostic value similar to that of creatinm retention 
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